Appendix C

Sediment Source Investigation and Sediment Reduction Plan

for the North Fork Elk River Watershed,
Pacific Watershed Associates, June 1998



'.'POEOXM'Y . Afrarta f"l mng‘nn

Sedlment Source Investlgatlon
and Sedlment Reductlon Plan for

Humboldt County, Cahforma

PTEPWEdfor .. .. AR

The Pacxﬂc Lumber Company
Scona, Cahforma

e Pacxﬁc Watershed Assocxates |
- Arcata, Cahforma B |
(07 839-5130
June, 1998 _- -

Cho -:' ,,mngm- =mm£$mmam=mms Wﬁdtmuhvm Zgy - :c_nbé.-f:r;;, .

the N orth Fork Elk Rlver Watershed | o




“N.F. Eik River Sediment s_oum' m;m,-mﬁ- ORI

. _VII Referen ces

B VIII A ppena’zces

B Elk RJVCI’ Hillslopes Landshde prevenuon and avo:dance

a, Treatmem nnmedxacv

b Site pnonrv
e Road pnontv RN
Reducme road- related sedlment nsks .....................................
Tvpes of prescnbed heavy equipment erosmn preventlon treatments S
. Control of per31stent sedxmem yxeld frorn roads and dxtches o
Treatments A P SRR :
“a. Site specxﬁc treatrnents :
b, Control of ditch and road surrace'.ﬁne sedxrnent weld

o

b Overall site spec1ﬁc erosion prevention: work

ﬁ .-:::__.'Manaeement condmon Iarge landsl:de frequenc:es and large landshdes v 23
_'.'-'Debns landshdes assocxated wuh recently harvested and older harvested sl'opes ' 25
i ;Sedimem producuon from meChamcaﬂY ﬁlled low order srream channels .. .. 4 28 _. R

_: Roao relatcd erosxon and sedlment dellvery by decade and eroswn process ...... . 30

“Pacific Watershed Astocutss © P.0. Box 4433 - arcata. CA 95515 - ~37-539.5130 R

e S a0

Equxpment needs and costs . R R e j_.;?'.f-':;:_ﬁ -,'-_'4_")_ S
. a Estimated costs for ¢ eroswn preventlon treatments G '. L _43' [




BNy r'l.;_'El'k River Sediment Source [nvemugation

~ Table rconpy

0. : _Estir'riated-s'e'diment detivewzr'ai“e‘sft‘ors.thefsix-time -:'p*e'h'ods

S Treatment pnormes tor all mventoned sedlment sources

S ".:Top road treatment pnontres based on sne densrty-and'ﬁ.lture 'delxvew B S B I

s '-Recommended treatments along roads in the North Fork Elk Rlver watershed
g 16, : _-Heavy equ:pment requ:rements for road related erosron preventlon

T Esnmated loatstlc requxrements and costs for road related erosion control
e and erosron preventton work alonz 133 rrules of roads L '.

. Listof Figures

 Ews

o 1 .__'_f.Locatton map of North Fork Elk RJVEI‘ watershed

SR

i Slope map, North Fork Elk Rrver . '_

: \afap showmg pre-l954 cuttlng lustow \Iorth Forlc Elk vaer S

' .;':_::__:-Pre 1950 logg!.ng lustory, North':Fork Elk R.wer

:_ Recent hawestmg & re harvestlng .hlstol'Y for North Fork Elk Rrver FOE

6 __:'-._:fNorth Fork Elk Rrver road constmctton htstory

| 7 o ._._:Landshde ﬁ‘equencv o

1. .:.__'3_-"}Sltes of furure eroszon and sedlment delwer‘v 'along :.1-_,_, rmles of roads ST 3500 ST

o Sample techmques and appllcat:ons for temporary or ermanent road closure o - 39



iR A :j."'-"-.PWA Road mventorv data form ._ ' i

S 3 ; '_-':':.;:Locauon and frequency of debns shdes debns torrents i

7 N. P Elk River Sediment Source Inveswigation . . PWA- e

L B .____.__PALCO “Intenm Aquatlc Strategy for Timber Harvest and Roadst, .
Sy ".-j.rand \/Iass Wastmz Avo;dance Stratezy for the Intenm Penod“ |

m : .. ' _. .. -. - ._ . : ._ o 3 P_ag_g -

OSEE SRS o ._ oiocin back ofreport" L

._ T : S m back ofreport

'.:'and enlarged “aggraded” channels : T EIRERR A . o o m back of report .

) 5. Locancm of all sntes recommended for erosmn preventton treatments m back of report ' f _' S

 acific Waiersned ase ates - P.0, Box 4433 - Arcats CAD3518-707-839.5130 -




- Reduction Pla he North Fork Elk River -~

-+ /Humboldt Bay at the southern end of Eureka, The North Fork Elk River is managed forits timber -

vents between 1995 and 1997, Ic
mber harvesting and road building

 North Fork, have coincided to generate concern about
atershed and stream conditions e

any,

- At the request of the Pacific Lumber Company Pacific Watershed Associates (PWA) prepared an.
 analysis of sediment production and delivery to stream channels in the North Fork Elk River

152 22.4 m trbutary to Elk River located approximately seven
mia in Humboldt County (Figure 1). Elk River drains’into _
 resources largely by the Pacific Lunber Company (B.L), who owns spprorimaely o o vy

- watershed: A number of events, including the occurrence of several significant storm and flood .~ .
“eve cal flooding in the lower Elk River valley; and increased rates of =

| watershed. The purpose of the inventory and analysis was: 1) to identify sources of erosion and

- sediment delivery to stream channel

- sources and management-related sed ources; and. i |

ouroes e rhinable 6 oV or control.” An additional goal of the assessment was to identify
. remicdil measires anid Srarciees sl o Id then be employed to reduce future sediment production -

~ . over five or six decades of storms
. identifying the nature,

hed

T i, L i .
L Bt i

) to distinguish, where possible, between narural, sediment
iment sources; and 3) to determine which future sediment

 This analysis and report describes the effects of storms and erosional events which have occured in
- the watershed over about the last 50 to 60 year period. Old aerial photos from 1954 document the
. carliest conditions in the watershed for which there are complete records. However, much of the
- warershed had already been logged by 1954.  Stereo aerial photography from a number of lateryears
-+ and decades was used to identify watershe hangesthathaveoccurred1ntheNonhForkElkR1ver
d land management. Analysis of historic photos isuseful for
potential significance of the changes which have

| Feld invemtorieswere conducted i the North Fork Elk River watershed to provide groundanting

1 conducted to determine past sediment production and yield from the road nerwork (including both
.| . landsliding and fluvial erosion), as well as the location and volume of future preventable road-related
. sediment sources. A database of these inventoried :

- ~erosion as well as recommended erosion control and erosion prevention treatments.

+ Finaly, a brief monitoring plan to track furure biological and physical changes in the lower reaches
. crthe main stem North Fork has been proposed. This plan consists of existing monitoring strategies -
- and generai protocois as weil as additional channel monitoring activities

4RO, Box 4433 . Arca. Ciitiloira 35818 . Ph FO7-839-5130 , Fay 707-829-4153 - =
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¥ & ronncastenm

 of measured landslide areas, stream channel changes, and channel scour in low order streams (caused
by past ractor yarding) which were documented in the aerial photographs. Field surveys were also

oried sites contains information on past and future

10 identify the rate and nature. .



PR '_ :_ \I Fk Elk R.m:r Secument bource anecugauon

uanc habxtat and blolomcal proauctzvrty ‘hese
and vanabies remeasured, ar penodrc 1ntervals i
!change G

o U channel morphology,.f;:
" permanent rnomtonne stations can be re- occuple
o the fhture to documen rends and patte :

Geo!oe:c semng of the Nonh Fork Elk vaer watershed onine

: Coastal Cahforma north of Cape Mendocmo hes on_ the tectomcally acnve convergent ‘margin of the'.
R __"f_:'.'.North Amencan plate Smce the Mesozoxc the_ eeologrc developme it of Nonhem Cahfonna has been: .-
' :':'_L:_----domxnated by plate convergence During the las 140 million years, ‘subduction and the resulnng'-'_-_ )

highly d o_rrn_ed oceanic rocks to the: western | o
rocks now comprise the Francxscan Complex S

_ continental accretion have welded abroad -complex
‘. margin ‘of the North American plate “These accreted
e _whrch consntutes the basement of the_north coas Te

G L

o ;: . and C_}arke 1987) Todav Neozene cover sedlments are preserved ln a senea of' structoral settxnes
o such  as those fou_nd wnthxn structuraliyﬁ complex*reglon'_ 'north of the Mendocino.
erwood eral., 1984; Nilsen and Clarke. | '

e._sedlments present wrthm the North Fork Elk vaer_
_ndlfferenuated late Miocene through Plerstocene rnanne sedims

_elf underlai

s 1 al. _1993 Aalto et ai 1995) : erdcat deposrts occupy'about __69% of
-_-__Ewatershed area. e o '

_.h_e_ Wlldcat Group unconformablv overhes the' rnl_ddle Mrocene Bear ijer beds m
f the Eel River basin and Paleogene and’ oIder’-b' =ment rocks e

. Hopps and. Horan, 1983; Ingle, 1976; Clarke, 1992), The

where | in the regron (Ogle 1953

hxeﬂy non-manne sandstones: and conglomerates (Clar
eastward transgression during the late Miocene, progres
nd then infilling of the basin '-f'rorn early Pliocene to earlv Plexstocene_ and then a
rogressmn of the shorehne dunng early to rmddle Plexstocene (Nﬂson and'Clarke 198

2.

Wlthm the smdv area, the Wildcat_-GToup is'ma

ed primarily as und:ﬁ'er

pp

~generally lacks distinctive: Ixthology I_-’he easte P
- Wildear sediments which have a gentle regional dip to t

_ "'.::-_--__-'sﬂtstone clavstone and sandst nglo__ era
.+ “'the most dommant geolomc matena]s,-_ -A basal conglomerate

subsurrace i
Wildcat Group is an: apparentfy -

' onformable sequence of marine: mudstones sxhstones _and sandstones_ and an upper equence: of L

Wx}dcat Grou records an :
e shoaling from bathyal or abyssal depths . n

_ ennated (Ogle, 1953). It
_outcrops most. extensweiy in'the middle and lowe North_ _Fork Elk Ri Watershed)(Map 3) and &
f _the w ershed has only a thin veneer of
g -west. The section thickens to the westand - .
r south.: “The. Wlldcat Group in this'area is ‘composed pnmanly of '-shgntly indurated. mudstone N
. Massive mudstones and. srltstones are |
and pebbly sandstone is presentinparts ./

vatershed consist pnrna_ y of S 3
of thy Wlldcat Group which v were

| : Y. previously accreted late
~ Mesozoic and eary. Cenozonc Franc:scan Central and Coastal belt and Yager Complex rocks (Stone

the North Fork Elk Rlvefﬁ

of Elk R.we" md Fresnwater Creek The W']dcat sedrments h_ave been deforrned and folded mto S

_____..i.nonhwesr-sour.hwst trenomg anticlines and 'svnchnes (M

ed:\smmaxu 20! Bo~<4433 -’ucua.CA?SSlS E"'07 2195130

'The. nd e:gs'eparatmg the: South Fork_ : '



U NUFk, E[kR:verSedunmtSoureemml B P{VA.’Z-G'V% =

| ElkRiver ffom the Nort Forkcs astrctural arch called the Humbold: anicine swhich plungestothe =
o west. The main 'Ch'a_'rmei__Of_tﬁ_e'.Nd_r_th_jFoi'_k:E_ik'_Ri\}"er;fclIQws_ the approximate trace of the adjacent
| dowm-warp syncine and the rdge becween Elk River and Frestwater s mapped 35 another smgpen)

. Tothe north of Ek River, witin the Frestwater Creek drainage, Knudsen (1993) divides the Wildcar =
. Group into upper and lower units. Knudsen stats that the lower Wildcat unit consis of apen mari.

. deposits of mudstone, siltstone and fine sandstone. The upper unit is described as being composed . -
|| of nearshore, bay and fuval facies and isinerprered as being coreltive to the Falor Formation
. deseribed to the northeas by Manning and Ogle (1950) and Carver (1987). CDMG (1985) desribes
- the Wildcat Formation as *moderately to poorly indurated, massive t0 poorly bedded, folded,
compactbluegrayclayeys:ltstonesmghsmaﬂer amounts of sandstone...” .

. Older rocks of the Yager Complex unconformably underfe the Wildcat Group in the upper North -~

|| Fork warershed (Map 3). They comprise approximately 9% of the watershed area. The Wildcat -
. Groups thin in the upper North Fork Elk River watershed, and streams have cut through it to expose
_the Yager Formation inthe valle bottoms. The Yager Formation i n fault contact with older, mo
~ hiehly indurated and fractured rocks of the Central Belt Franciscan Formation in the extreme upper

it _;{_:;b'a;ir;._-_'_'rhej_-_lar_g_e_:b;jock;bjf_;:_ranciséa;j'td'e'ks';_in_'_'rhg' upper, eastem portion of
e Fomprise about 15% of the total watershed area. . "

- comprise perhaps 70 percent of the total area, while

. conglomerate lss than 5 percent (Ogl, 1953).

" Inthe lower North I'_'otk:'_wgt__t_:i_‘_shgd,’f'un_diﬁ‘cr_émiat_e'_d_;fHolg'cgne terrace deposits are found alongthe =

.+ main stem North Fork Elk River (Ogle, 1953). These are typically capped with thin, two to ten foot

. thick deposis of unconsolidated, poorly sorted sands and sandy pebble conglomerate (CDMG, 1985),
- These deposits are found at elevations of 40 to 120 feet above the present stream channel andare -~

*subject to debris sliding and small scale translational slides and slumps on steep slopes or when

|| undercut by bank erosion. Holocene terrace deposits comprise less than 6% of the North Fork -

. TheCoast Range j-wa_tex_‘ShédS_'OfNﬁﬁhem'_:Cai:l_ifoi_'nia_idi_splgy_ some of the most unstable terrain in the S
 Pacific Northwest. - Factors influencing slope stability in the North Fork Elk River watershed have =~
- notbeenquantified butinclude: T O A

) Geologic structure: dip of beds (dipping down slope nearly paralel to or less than the siope
. inclination); fractures: weak beds inter-bedded with competent beds: faults: shear zones; and surfaces
Clof weakness are all ;om'i_;n;_;gig.fagf;'or's'_p_re;em onthnonhcoastandeachlcndsto decreased slope

e Pasific Waters Associ 's_-l..ﬂ_.'_?.Q.'.B_ok._i".‘_;_j.__:.'..:r\mxa.__._ L CAISHIS-707.839-5130 L
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: .- \ Fk Elk R.:ver Sealment Soun:: lnvuugmnn L PW.—\ e.98

S " stabthtv Geolomc s-trucrure and beoomu onentatton appear to mﬂuence the locatton of slope tatlures' -
i _3;'_:1r1 the thdcat Group ofrocks SRR AT : S

)”Matena strengtl decomposmon of: matenals over ttme reduces Strenmh chemtcal weathenne -
otmtmshed roonne strenmh of vegertation followmsz vegetation removal (bv ﬁre ‘or _
Tens tmportant in shallow sorls overlying bedrock wroespread deep col!uwurn deposns located: on steep

i Uican ‘change the dtstrtbutton'of mass in steep. swales and on potenttallv unstable htIIslopes

23y Seepa e forces edu e-resrstm

harvestmq) e

L slopes are factors lending. to_tnherentiy unstable conditions. Likewise, road’ and landtng constructton"_ T

g forces:and mcrease zdnvrng forces | Ramfall and nsmg water o

E £ tables, mﬁuenced by type artd densrty of vegetation; dramage charactensttcs of the soils and geology,-' S

nd eepage’ forces

(I-_Iunt, 199_4 ' Slope gmdtents exceedtng these
ork Elk River. :

_ pltﬁ.rates can cause both subtle and ra
over mne Streams incise in response to lowertn
“and steep inner gorges along dramages

'6)"'Setsrm acuwity,. espeexally the. prox:rmty to: .earthquake .sources"':

| extremely
" important factor affecting slope stability and the \ occurre

nce of landslides. Earthquakes also havea

E .' -'f'?f'ifmost Itkelv 10 express themselves durmg the first. hi

S S D

'-'Steep slopes are the ) most commo__ _locattons for landsh

°ncu|cWaurslmdAnoe1am PO sox-ms -\rcau.CA9SSlS 307 839. 5130

| i - - g sEope gradaent, a.nd ra.mf‘all events (tntensny and. duratton) all’ mﬂuence the amount of tnﬁ]tratton and o

ope mclmattons at which they are stable :
and j JUSt barely stable restdual soﬂs 30 to 40 degrees colluvrum : ”20'to 30 degrees'j_ p

limits are locally cornrnon 1n the'-Nonh

pt_d“mcreases in slope tnclmatton : _ '_ _'
gbase'flevels producmg_ eep slopes_ =

_.profound effect ‘on the movement. of subsurface water through deep colluwal soils, su h;'as those
. found in Elk River, by cutting off macro-pores and i increasing pore water pressures in potennally_’_

" unstable teep hﬂlslope areas.” The effects: of large: earthquakes, such as those of 1991 -1992,.are - 1
gh mazrutude storm followmg severe setsmxc R

des in the North Fork Approxtmatelv lz%l'.._f -
_;of the North Fork watershed is compnsed of slopes exceedmg 65% slope gradtent (Figure 2). SIopes o
- over 50%, and especrallv those over. 65% are most common along the inner gorge of Browns Gulch, -

~.on steep slopes south or Scout Carnp, m numerous Steep swales or Brtdee Creek and West F ork L



N Fk.Elk R-Wer Sediment Source [nvcsugmon :

~ Bridee Creek in steep swaies north of the North Branch, and on inner gorge slopes of 1
 Branch. the north Branch and the upper main stem (Figure 2).  Approximately 6 '

less than 50% slope gradient,

 slopes of the south |-
0% of the watershed .~ -

comprised of slopes which are. .

:C::'DMG-'('! 985) has produced a senes of geologic maps for selected sheds on t

_ ‘watersh _ h coast of
Califoria, including the lower and middle North Fork Elk River watershed. The maps, produced- S
 largely through aerial photo interpretation of landforms, depict physical features that “can be |
- correlated to landslide potential, soil erosion potential and stream bank erosion potential”. The = = .
. mapping included the identification of four types of active and dormant landslides (debris slides,
- translationalirotational sies, eanthflows, and debris flowsstorrent tracks). Several fe icative
- of past landslide activity, including debris slide amphitheaters, debris slide slo
- were also identified. Finally, one mass movement feature that has been d
~ - landslide, produced irregular, hummocky ground iri the South Branch Nor

- The most dominant geologic group in the North Fork'Elk River watershed, the Wildc:
- locally known for instability, and relatively high erosion rates. Iis silty and sandy composition,
- together with its low to moderate induration, r esults in weathering and the development of granular, .
. non-cohesive soil materials, - Weathering on steep siopes produces surface horizons of silty and sandy

soil matena]underiamby unweathered,compar atively resistant; indurated siltstones and fine grained .

Group,is |

idstones. These underlying indurate (hard) materials can be barriers to vertical groundwater
movement and represent potential slip surfaces for landsliding. Most re ' the
- -watershed expose th_e_s'__e'_'n'n'dérly_in'g '-_rela't_i_yel_y hard, Imperm

recent debris slide scars in
teable indurated bedrock surfaces.

| e o1 the steep sueamside topography of the most dissected terrain of the North Fork is thought
- 1o have been sculpted by numerous debris slide events (CDMG, 1985). Steep swales and inner gorge -
. slopes, combined ‘with shailow ‘soils _i'ajrid_:jcp_lluyim_xfx;_aﬁd weak bedding planes running parallef or - I
e '."'-'--nééﬂy;Pér}éll_é_!}tfb'f.t.hé'::hill.s_lon.?, are factors which 1¢drifﬁbu'tjé*ff9":"'1_66'?11_’?dE?r’_i_:é_f’Sl.i_din'g'l-'i.'n' the Wildcar™ =~ =+~ |
~ Group (CDMG, 1985). The most apparent debris slide slopes are depicted on the CDMG watershed
' maps (Map 3). They include selected Inner gorge slopes and unnamed tributary swales along the
- main stem, as well a the steepest slopes and swales in major tributary sub-basins such ss Doglag |
- Qulch, Browns Gulh, Bridge Creek, McWhinney Creek. the South Branch North Fork, Nows

g, slopes underlain by bedrock of the Yager Formation and the Central
it Fancisan For  upper vatershed have & higher concenration f arge landeides, |
arthflows and small debris slides than do slopes composed of Wildcat 1 cks (CDMG, 1985). This,
in part, may be & fincion o the preferenial exposure of the Yager Formaton rocks n th lony,
| "3.-St'_eepér}hi_ll_élqb_e'l'ocat_idn's:anc'i'thé_'_(_)ét’:urtajt:é_;c_if the Freshwater Fault zone. and associated deformed =~ i
. and weathered bedrock materials, which juxtaposes ihe’ﬁ#dblde’f'_rcic'k"tﬁjés':i_(s'_e'e::'_'-Map' Y R

. Pacific Watershed Assotrates Box 4433 - Arcana, A 95518 - 707-839:5130 RERRE




."4 Fk I-'.Ik R:ver Sedtmem Source ln 'emgauon O

o ‘wethods

i The sedrment source assessment fOFIElk_RI _was'compnsed of three elements 1) an aenal photo :
L -_-'tana.lv51s of mass wasnna, 2 ﬁe Id. sampling of debris. slides, bank erosmn and small channei scour and .
.-:".J) a complete ﬁeld 1nventorv of aII road related sedtment sources '

& _Aerral photo analysts et
0" To ' understand the "'relatlonshrp between
Sl .geomorphlc/szeologrc condm__o_ns and land use

we ana!yzed landsltde occurrence in ‘the Elk Rlver'

CUPWALseg

landshde occurrence storm/ﬂood ‘events,

ent sets of vertical aerial photography: 1954, 1966 1974, 1987, 1994 and -

I 11997 Each new landslide or erosional feature which appeared on the photoeraphs was assrsmed 2 i'.; L

| -:'umque site mumber and characterized using a vanety.of facrors These factors included:
g Year of appearance (p it

dslid _,'_debns torrent source areas '-_r-deep seated landshdes' debns_.--_
_torrent tracks bank erosron, enlarged channels stream crossings and aulhe i S
30 Certaxnty of tnterpretanon (deﬁmte probable ;quesuonabie) :

tion:poi __t-_.(road sktd tratl tractor cIearcu: (<1 5 and 1 S'years .
d >]5 years Old) : parttaj cu

f rge;: swale break—m-sfope “headwall; _etc ) and -
-10. ’I—Iﬂlslope steepness_ passmg through lmtlatlon pomt (from*mporzraptuc

o “torrent tracks) and then: dcposrted their load of sediment at stream junctions or'm lo

-~ reaches (enlarged channels) Dunng the analysis phase of the project, land
channy | lengths, b

¥ ‘maps.- Landshde_depths were applred based on ﬁeld satnphng of landsltdes m:
i f;f.and exrsung data from nearby watersheds R '

: f--';the mam stem \Iorth Fork Elk Rtver was

A number__of landslides 1denttﬁed dunng the :
0 determine: and. ﬁeid-ventv h111s10pe srradtents 'iandshde

.4433-Mcassstsfmv.samsuo AT

-:"__"Debrts torrent source areas were classrﬁed as debns iandsltdes wiuch turned lnto debns ﬂows and : y
: '__-_-_;scoured some - ength of natural- stream’ channel downstream from the origination pomt Debns St
jtorrents typtcally;:scoured the bed. and. banks of the channel 1in the htgher zradtent reaches (called

_erosion. lengths_ and enlarged. channel lengths measured from the aerial
_ected using a multtplrer based on slope gradierits measured from topographac-_-’ S

IR eaches for bank erbsron and stream’ bank landshdes These channel"_".'
= DR 3-:.freaches were surve_yed in. the‘-ﬁeld to 1dent1fy and quantify. drmensxons (Ienzth, width and depth) of I

L '*_'-otm': 510 s ano actual.sedtmem dehvery andshdes ano Iandshde depostts :were_measured usmg R



NPl Elk Rj\-'er Sédim’cn': Source t;w:

tape. Strmo cnam ano r_ 1 Re: omf;the r1eld samouna prooram Vere: useol to asston :
anoshde 'epths torren .scour volumes'i' an _ban er051on rates for 'teat" es and sues 1c1er1tmea on .
aenal photos but n0t msrted in the neld._ - R '

‘A road constructlon mstorv map was prepared for the North Fork Elk Rrver' '
. ame six sets of aenal photoeraphs used in the landslide 'nventor'v All ‘roads were ‘then field -
i inventoried for past erosion and sediment delivery, ding'road and. lanomg fill slope failures,
stream crossing washouts stream dwersron gullles and sues_of road surface andditch erosion:: erxd_ L
. crews 'tra'ced each erosion feature downslope to' determine 'dunenSIouS_Z(lenrzth Width, depth, volume)
~and past sedtment_ dehvery ‘The cause and age (decade) of each'ro
o _recorded as were-a number of- geomorphic and land use assocxattons:(

tershed | usmg the__' i

related. sediment source was' : "
see_ data f‘orm, Appendlx A) o

_ er tream channets_i-.--' S
19705) was. measured at. a number ot sites. ’vIost'-”"’ ol
_ : r_eam_channels '
f{tracror varding from the 19405 through the 1970s. Forest |
nded yarding down stream channcls and stxpulated that all temporary. Stre m_t_' crossmg fills would 'be'f_
'-.-.rernoved"iupon the completion of operagons Aerial photography from-_1954 1966 and 1974:_ vas.
determine the frequency. with whxch low order channels were unpacted tractor yarding
T 2 portion of their lenpth. F easurements were then used t gn average scour i
‘_‘_ﬁlled” channels These measurexnents we"' then apphed to small order stream

S ."tthr tractor yarded areas from these three tune penods (pre 1954 1955 66 -and 1967-.}_' G
SR 1974) to produce an esnmate of past. sedtment yteld : 3

) e sources along: roaos-also included a vanety of srte tnrorma 'n_ about future r" o L
- '7'"_':-;(e~<pected) erosion and’ sediment dehvery from the road’ system itself. - Infonnatton_mcluded the ~
g -"denuﬁcanon of unstable and porermally unstable fill slopes p’otenual erosion at stream ¢ crossings
: £s _sources mcludmg both: stream crossmg ‘wash ‘out and _stream_ dwersxon) _' Ct_Ive o S,
:'_-gullvme, and'froad surface erosion. Future ¢ €rosion sources were tdennﬁed and quantified. onlyifthey .~
the p tentxal 0 leliver. sedtment to a stream channel Thus cut bank_ sli s_'_(and other-" L
‘and exis rosw "-sources) were not mcluded in the survey 1f they would not result m

For.each ﬁJture secument source a vanety of s:te mformauon was collected Stream crossmzs were % " o
..._valuated.:ﬁ..f‘or the Wpe and adequacy of dramage structures’ (m | crossings were. ezther_- SRR

' -culverts) the potential’ for stream dwersron, the porenual for. culvert PR
Field measurements’ (proﬁle and cross- sectxons) were. entered intoa. .o
gra:n to detemune the volume 'of Aill: m_the crossmg, and to esufnate he amount, of ﬁll

| _ lission the road orto upszrade the culvert where | SR
s understzed Each stream g crossmg was also valuated for the poterma.l contribution ‘of road. runoff

- .and fine, sedtment from the. r0ad surface and ditch to the stream. - The length’ of road and’ ditch ; : o
' 'dramme dtrectlv into, each stream (typtcally throuszu the dxtcn to the culvert mlet) from the ad_racem Gy

ic Watersnea Associates - .0, Box'4433 - Arcua CA'93518 - 707.839.5130 L




s __o other roao oramaqe locauons (cmch reher curverrs IRERRRE
nttosrreamchann s S R :

"For potermallv unstable fill slopes (srdecast) th volume of unstable ﬁll was measured as was the |

Ly PWA 98 '-

'.__drstance 1o the nearest stream channel and the’ gradient of the hillstope below the msrabihw ‘This, and E

o - other data, prowded mrormanon useﬁ.rl for deterrmmnsz the likeiihood : and potentlal magmtude of rhe"".:.';.’ : o

- '.-'-?_'_-unstable matenal thar 1f ity were 10 farl would be dehvered to the srrearn

QThe data on fumre sedlment sources also mcluded mfozmatron on the hkellhood of
erosion, erosion and dehvery volumes recommended erosion-

R (presemed in a Iater secuon of th:s report) for road~related erosron prevenuon and eros1on control

. r_"_-'i.:?.Re"' ults and Dlscussmn

e _-_;'-f"Loggmg in'the North Fork Elk Rsver watershed be:zan in the 18805 w1th steam
- yarding in the lower watershed up-to about SRR :
.+ the confluence with Bndge Creek Q:rgure 3).
o Steam donkey ‘and  railroad - logging . .
g s '-ffongmanng in the ad]acent Freshwater Creek = = .. =
- watershed to the north' spzlled overintothe
"5'_.'1'-'_northern ndge tops -and slopes’ of the North -~ 3500~

. logging expanded into upper Doe Creek, g 2500 I A
‘... McWhinney - Creek, Bridge Creek: -and w2000 "

~* . Browns Gulch in the 1930s (Fxgure 3). In

. the'1930s and. early 1940s railroad logging

. and &rly tractor logging spread south along

* - ‘the main stem North Fork as well as the

e :-:_' - been logged (Flgure 4) o

.:.".-:Land use hlstory

donkey and/or xer

anure 4 Pre-1950 L.oggmg North Fork Elk Rwer
o (gemnlmu daa atmd l‘mm ﬁg-un 3} :

- Fork Elk River in. the 19205 Rallroad__:'_:_ i

. Harvest Are

entire North Branch' North Fork Elk Rlver o ] i
oo In thepre-1950 period, just over 8,100 acres- 18 L
- ofPLiandsintheNorhFork Elk Riverhad Decade of Loggmg

- __ -_A trammon m ]oggmrz technology, from stearn donkev cable varome and raxlroad hauimg,

3 o _logged Cable yardmg (the lasr of the steam donkey era) had cirmrmshed to less than 500 acres,

Pl Wb Ao PO, Box 433 - s CADSHIS - 07205120

the potennai_ S
L prevention treatments, equlpment and -
7 labor, Tequirements, estimated treatment costs, and treatment priorities for each identified site. These = .

- and other data have been assemnbled in'a’ computer data base and described in an implementation plan .' S

| to tractor
o yardmg and truck hauling took plar:e in the North Fork in the 19405 Analysis of. aerial photos reveals' R

SRR __-that n. the pre-l954 penod apprommazely 2,850 acres of the \Ionh Fork had already been' tractor -



.
1.

RO .':‘i' P\. Elk’Ru.cr Sedunm!. Source mvm:zmon _-

"_Plgure 3 descnbcs the narvesnmz and reharvesting | mstory tor_ L ownershm in the \Torth Forh Exk':‘ '
“River as dr_anved from historic aerial photographv In‘the penod from 1954 to 1966 (1, 054 acres) and

:..peno from’ 1974 10 1987, new harvesting. had dummsh'e 107

North ork; of whlch nearly 25% emploved cable: vardmgﬁ'om ridge- to

3 __Theﬁrst roa

0SSIngs employed trestles rather than fiils. 50 impacts of direct sedim
'g.large crossmgs were rrumrmzed }_f:grly harvesnnz mvolved construction: of rail road grades alonsz 3
e mai) ' everal of the._!arger lower-|

pact'the ‘general road construcnon -hzs:ory.-for the Norzh Fork Elk River, as N

g -"denved from an anaivﬁs of aerial photo

o _.f ; " :_paraileled the advqx_u of tractor yardmg, because the sam activities.” By

- main’ truck roads 1n hed “_occu
g 'advanrzne _of the 1 prcwous ations and low or’ moderate grades of the rail: routes.- Thus, the bulk
et of't th.ls eariv road buxidmg mcorp_orated prevxous_-raxl

o mouth of the Norrh Fork upstr m 10 the easterly 3

.atershed dmde Addmonal constructlon was'

- R "’azulc ‘haunnmAsmqam PO Box%-u.: -\m:xu.(.-\S"'jis '0‘? 839 51.:'

PWA a,9s S

601974 (2 155 acres), tractor’ yardme was used e\ccluswely in the \’onh Fork 1In the G

to just over. 900 acres,’ mcludmg a small
__rnodern cable yardmg From 1987 to' 1994, apprommateiv_ 420 acres were logged in the -

pareas.. In the mostrecent: .

budt m the watershed were those routes used for the raxlroads .Old raiiroad grades cn

include both ndge routes, s me mid- - e
tents whxch paraﬂeled -thc major stream channels in the' valley bottoms ;Most' R B

basin tributary’ streams; as well as ndge_ S

graphy. Construcnon of Ioag:ng roads m the North Fork =~
0g p_hv available for. the. er'n'xr'e watershed) apprommately'ZQ miles . - o L
een constmcted within the North Fork Elk River: ‘study area. Some of the IR

" : : railroad. grades) ‘These early roads took =~

ad alignments i in the valley bortom from the i
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© Fiowe & Nort Fork EK River Road Constructon History

_1974.1'987 I 1994 1997 ! S
1986-1974 1987-19a4 O Tntal
: '3-*Consh1.|c1:lon Pnrhd g -

_n_h Branch North Fork where Spur roadS Were buﬂt aloﬂgSIde an 'w:i'hrn the |
"d__order tnbutary streams- L _ _

e stu y area was l_og ed d_approxrma
Most: of the'lo ;

Sy South Branch North Fork Most new road
g 1954—-1966 penod occurred along the_upper North Fork, the South Branch North .Fork an
s "';_North Fork' above the South Branch'-conﬂuence Many of the’ roads built dunng th15
e charactenzed as lower slope and stream side main’ line roads.- Addmonal constructi
:-_'locahzed in the North Branch North Fork where spur roads wer
" riparian zones of several second and th1rd order tnbutary streams
e _:'-'--"routes have smce been abandoned O

dthermddle'__f.'f.' 5
periodcanbe -

ion was again |,
e built alongside and within the =~
‘Many of these early secondarv_-f_- SN

s th_e__ atershed_!_-{:";
g- _' "d_road construction diminished substantially .
hls"penod just over. 900 cr _}vere logged'f' e
e located pnncxpaﬂy in the northeastern and

and only :9.'n111$ of new road was bm}t New roads wer
. southeastern parts of the basm, as well as everal spu
and:Bnd 'Creek . 2 :

L Loggmg .an road construcuon agam_plcked up" in’ WO time penod : S
a 1994 t0 1997 (Figure 6).. Roads built from 1987-1994' include ‘midsiope roads accessmg resrdua.l old
o northeastern and southeastern ‘headwaters of the'Nort_h_ For

g | ortt th Fork, a long ridge road along
R :_’the northern_dmde wn‘.h Freshwater'_-.- idge road and.s svstem down the eastern margin

were the nrsr ofa nurnber or more recent roads buﬂt along ;




i even acceierated in recent years, as these a eas are  opened.
o the last r Temaining old growth stands in'the upper. watershed_ _wa

occurring. eSsentially simultaneously -
. with'the begtnmng of harvest operations .

second growth areas in the lower. ‘watershed: ‘Most of

+ growth rangmg in age from approxlmete!y 65 to 1 10 'years in age, ‘and. patches of residual. old growth o
“Unlike many. of the roads constructed prior t’ 1974 that_._followed alonrzsrde stream courses new .
‘roads built in the middle 1990s Iarzely'c nsist of r ma f_lme ndge roads and short spurs: built on_ 3
-;.tnbutary ndqes to. prowde access for cable yardmg v f i

o '-'-"Storm hlstory, land use' and eros:on R e N :
I As ‘with most other watersheds i in north coastal Cahfonua ﬂood events in Eik Rtver hav bex
‘ . triggering events for. lancishdmg an d-s 1

S 'those of the penod 1953 to 1975 'I'hese mclude the *

. --;_'1_sthought to have exceeded the magmtud ""of th"""' O

tered north of the Eel and’ produoed onlv moderat . 'runoff 'events ‘The 1955, 1964 and 1975
orms tracked over the lower Eel and produc " and ¢ :

t:_Scotm)l ‘The magnitude of. the storm events
omparison to other storms or Tecord. Preliminar

' o “1egendary” ﬂood events ot 1955 'and 1964 (Caff rata, written commumcanon 1211 0/97)

o Stream .dlscharge records for Elk River were oniy collec ed e U SGS for an eleven year penod .
_om 1957 '1967 5010 documented dxscharges are avmlable for the more recent. ﬂood events : Local B

i

e
i:
Pl

B 1964 storm and flood is a prime example. Studies of alluvial straugraphy piace these events in a longer term
R perspeetwe thm short term seam discharge recortis btranmpmc studies of 1964 t‘looo deposits (Helly and
T LaMarche 1973 Kclscv 1980 Z.nke 198E) suszgcst ‘the 1964 ﬂood event hnd a recurrence mterval of 60 to 80 vears

The. \Iorth Fork Elk Rwer watershed_: typlcal of_ a number of coa sms where earlv Ioggmd EEEEE N
: _____.'-removed the old’ erovvth forest but truck roads were not constructed_over much of the areauntil. .
- second growth forests were entered For thJS reason *-‘loqgmq road construction has. continued, and .-

"harvesung_. Slmrlarly, harvestmg of S

" ::_'.5._’the 26 miles of 1 new road constructed between 1994 and 1997 m__the North I-' ork Elk R1ver occurred o . e
i odn the’ lower and: mtddle portions of the watershed to provide : access to, areas contarmntz second

ork Ell : Remonal flood histories whrch':.'i_' e
. .would bc apphcahie to the North Fork ETk Rrver watershed have--_been' descnbed by Harden (199 5) -

_ unpre:cedehtedf' ﬂoods of 1861 1862 (Harden, ' I_ e
,-_1995) aswell as major events in 1867 1879_, 1881, and 1888 \Iorth 'ofthe Eel Rrver the 189 _'ﬂood e

The storms of_';:1953 and 1972 were-__.__ S

: ry datd from the USGS gamng statxon on Bull Creek '. b
-in the lower Eel. Rwer basin is prelmunanlv ranked as. the storrn of record, ‘surpassing. even the = =

i Any Iarge storm oroduces oonsrdmble spcculsnon asto the masmrtude and recm'rent:e of the eve-m, and the . .



s 40 to 50 years.”

| NFCEK River Sedanéni'soﬁr"ca mvaﬁgmon g

B .resrdents have ooserved ﬂoods of note in the lower watershed in Decemoer' 1953 December 1964 3;.._
= -_:.-3_._Ianuary 1974, and more recentlvaecember 1995, December, 1996, and January 1997 (Cafferata, .

.i.'- PWa- 6:93'.'--

' written communication, 12/ 10197) ‘Based on _compansons :i'Wllh the Bull. Creek watershed; and from
7 local’ observattons Caﬁeram concludes tha 1t;1s hkely that smaller, lower elevatton watersheds such - |

. as Ek River were recently stressed by a ninoﬁ event at or ‘above the highest that oce

T

r 1955 or 196:”'

. Cafferata (written communication, 10/3 1197) has’ mdrcated that the. ’74 ‘hour. Pprecipitation total of

_ o ;":11 03 ‘inches for December 30, 1995 was htgher than for : any other. date on record; greatly exceedme s
. ithe second hnzhest daily total of j just over 6.0 inches which occurred in 1953 The. 1996-97 one day

_;hmhesr of record and had a recurrence_.:’

e :-;5.._max_imum¥'50f 535 fjihc'hé's'_f'abp'ears '_t_o*_ha\'_f_e' beenthes
o __'-lnterval ofunoer 10 years R

_.':_Conroy (1998) has prepared an ana.lysrs of storm event ramfall apphcable .tor Freshwat

** storm events as contmuous penod of _ramfall tn wluch datly prec1pttatton totals exceeded 0. i
- and event tota.ls were at.

station: expenenced 46';

SN _recurrence mtervals of 4] and 47 ‘years, respecttvely (Conroy,

urred in the past - .
_ The conclusmn is that one or more of the mo t.__:recent storms were more mtense AN

p_rectpttatton ‘were assumed to allow '.suﬂicrent ttme f'or srgmﬁcant ﬂoodrrecesston The Kneeland =

ﬁ .:._.g_-:;Usmg Gumbel Type 1 Extreme Value ana.lysrs the storm events of J anuarv ‘and- December 1996 had -
1998) Accordmg to Conroy, re51dents .

L RS

B ecord" ___or nearby stations can prov:de addmonal da T

" information on the potenttal geomorphic significanice of storm events in the watershed. ‘The nearest -

'/ upper elevation station to the North Fork Elk River watershed is at Krneeland: Cahforma. Ttislocated : . -
- approximately two miles northeast of the headwaters of the North Fork Elk River. on Kneeland Ridge. =~ |
-+ Hourly: preqpttatton totals have been collected for 46 of the last 48 years. ‘At the. time:of his analysm "

. o

.. _ reek:and__:
-.-__._.f'f-Elk Rtver watershed areas based on records from the Kneeland station. In the. analysm he defined © @ *

- inlower Elk River “observed flood flows in December 1996 greater in magnirude than any other year.

gk “The storm event that resulted in this flood had the third hrghest recurrence interval of alt storm events _
" of record at the Kneeland Cahfom:a weather station (Conroy, 1998 p. 2): The ea.rher December L

‘ 1995 _stottn_ra‘__Iﬂ(ed nu ”ber25 Although records for the Janua '

LS 'storms in the last 50 years”"'
i __occurred within the 1994 and

(Conroy"' pers

three year 1 _ _of e

B __.:_-_cornplex ﬁtncnon of storm r_nagmtude geomo_rpluc sensmvrty and land use hlstory ‘Photos of eariv

ry 1997 storm were not yet: avatlable_;' SR
‘the state chmatolog:st has mcitoated th_at__the 1997. stortn was “‘one of the three largest < -

onal ¢ m_mumcatton) Clearly, the: storm events Whlch-}_: =
assessment mter_val used in the Elk River sediment, source analysis |
were -h.lStOl’lCﬂl-lY and geomofphlcally_ﬁs@mﬁcant, in companson 10 those of exther 1955 or. 1964 - Thls S

St storm (prec" ttatton) events 1n the last 40 to SO years -

;__The erosional respons'_ : of the North Fork Elk: Rwer to the ﬂoods of the 19005 appears to be a

- logging of neerby watersheds show substantial disturbance to:stream channels. Early loggmg resulted |

i channel ﬁlhng, '._verv large expanses of clearcut terrain and vrrtually no protection of stream

‘channels. . Over half of the North Fork watershed had alreadv been logged by the time of the 1955
L 'stortn and ﬂo' d. "'rne second growth stands in: the lower watersned were aireadv 70 years old.

Pa.cwc wmmw' Po-Bow-os -\rmu.CA9SSIS "0' 339 mo




N P EIK River Sedimens Source invesugation

persxstcnt fluyial erosion and - ep:soolc ':_ o
ocesse ; of the occ e_nce ofhmn magnitude <
storms Storm events mcrease the. _these_ﬂuwai processes"jsome of which are. manaszemenz-':f'-'
; 'lated For example from’ the 1940 _throuszh the 19705 extens ___ract é_loqglnsz was conducred
_inthe watershed and low order: stream channels were commonly used as skid trails for sklddmg logs + - -
S {éidownslope to newiy constructed truck roads. ‘These " ‘tractored” stream channels were filled with soil
. and. organic debris. during. yardmg operanons and this 1 'aljhas been slowlv erodinsz and moving TR
 down the’ channel system. -Small stream channe!s have_hrmted stream power and the process of .
'scounng and nanspomng stored sedlment is'a persrstent r_'o'cess that has been occumng for. decades IR
- -and will continue to deliver sedunent 10 the channel system"for decades to come, Itisa management-
Iated sedlment source that is not readxly amenable o’ ost—eﬁ"ectwe treatment '

ontrast to persxstent processes epISOdIC erosronal pro _es _s consist of both hxl]siope landshdes SR
(bott manacement-related and “n'at'ural“) and road—related mass wasting and fluvral Pprocesses: (stream E .
washouts and__str m diversion Euihes) ‘These processes are triggered by large storms. The::"_i'gfj__'-'-
er of hillslope landslides in the North F ork watershed occurred. during photo intervals
orrns (esp’eczally 1966 and 1997) but’ new Eandshdes were also. observed for.
OO intervals.: ‘The. 1955 ‘and . 1964___s_torms rncgered wzdespread Iandslxdmg n’
orthcoast, including the North Fork Elk River, and this high rate of slope .

i ’;:-;-'.'_.faﬂure is thought to be the“combmed rcSnlt of h:gh mtenszty s'torm's and the le.P_e-we_akemng eﬁ'ects e

soid

ployed to 1dent1fy large landshdes debris torrents, bank erosion and .
._--_'Channel aggradanon that couid be identified from 1:20,000 (1954) and 1312, 000 scale images =

L _"(remmmng years). The ‘minimum measurement resolunon for features 1dcnt1ﬁcd on the photos s was i _': ﬁ
S ;_'_-_apprommately 35 feet (1954) and 20 feet (all other ‘photo years). The oldest i images. evaluatcd were '_ R
Ry _-__ftaken in Bv that tlrne over. half the watershcd had ready been loczzeo (Flgure 3

. Pamic Waterined Assocrates - 2.0, Box 4433 - Arcain, CA 95818 - 707-855.8 125 | .




_and 1973 were assocrated w:th contmued eleﬁated rates of landslldmg ('I‘able l) -

SR . :__f":Landshde rates then dropped durme the next_ two relatwely “stonn-free”

-'_\! Fk. Elk Rsver Sedt.ment Sourte Invesugauon

| _aenal photos revealed 34 “new !and des m the watershed rnost of whxch w

- ere assumed E-(bec:ause
'-:_.._._.of the dezree of reveeetanon of

ap _ encies in the North Fork Elk River were
'Oth penods containin _one.or more locally sxgmﬁcant:’smrms B

_'watershed 'I‘hus the hlghest ‘rates of
o _landshdmg (#/yr) occurred_dunng photof__g___'_

'l\i!'uttt!ier'_of_"['.:end's.lit_li':s. :.:__;-= i

s and road construcnon, was' reduced dunng
.he 1966 photo penod yet two major storm:_.f_

as Ilv. significan

fs '_;-_:-_..;Z_Pmal}y, the storms of. Ianuary 1996, Decerttber 1996 and. J anuary 1997
s ._.landshde rates in- the North Fork (Table. 1.

[in‘land use: actmty (both road buddmg and harv'estmg) durmg the same: period, but a great deal is o

. .hklely assocxated mth”'the magmtude and frequency of. major storms. durmg the: three year period. "

o The: short time mterval of measur:

%.naivsxs ofthe 19‘~4 o

have__occurred sometime ‘within the prev:ous L

photo penods (1987: 994) gl ,
triggered a large increase in -
me of this i ncrease mav be associated with j increases - |

nt (1994-1997) ‘also magnifys the: apparent- effect of the - * Lo

o triggering storms in companson to other periods of analysis (; 1954-1966, 1966-1974;, 19‘74-1987 and'_'_-:.'__

- 1987- 1994) which average over'10 years"m length. If the measured time mterva.l 15 spreai

R _' ~include data ﬁ'om the period 1975 10 1997 (thereby mcludmg two reiatwely storm-free penods) the" o
o la 'dsl'de rate fa.lls 3.6 _'dshde e T

o _"_eeology and soxls
> precipitation mtensny ‘Landslides in Elk ijer are genera.llv concentrated on stee
. and steep swales throughout the watershed (Map 3). Rapid rates of uphﬁ intheb
o 'j_erod'bie bedrock, has resulted in rapxd channel incision and steep headwater areasin a number of sub-’

n the watershed 1s dependent ona nurnber of factors mcludmg underlvme EEERR
tllslope gradient, geomorphic position. *land use activity ‘and localized =~ |
p streamside slopes -
asin, combined with "

basins. GCOIOEIC and eeomorpmc mappmg (CDMG 1983) has ident med manv hdlslopes as bemg R

PanfeWumhedAssomm 'P.o'_ BoxMZiS -\mu.C-\95\13 707-839- 5130
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Landslide rates arc' te frequency (¥).and duration of measurement interval: Al else equal shorter
| 2 Roughly half of the 1997 landslides occurred on-areas harvested prior to 1994, ._'F'csuﬁccﬁfor24'1aﬁdsisdes‘iden'njﬁeq-on;a_ms__
| harvesied berween 1994 ‘and 1997 occurred on two harvest units in the lower basin, -, L e T

- formed by repeated debris sliding (characterized as “debris slide slopes™. The
© characterized by steep ridge and swale topography. .

- Landslide location in:the North Fork Elk River watershed is at least partially dependent onthe i
" geologic type of the underiying substrate. Five landslides were identified as occurring on steep’
~streamside and inner gorge slopes of unconsolidated Quaternary terrace deposits in the lower -

wa s*. Most of the terrace surfaces ar e flat or low

. watershed with the totai delivery of less than 1,000 ydg? es are flat or o
';2__io_w_él_and$l_idé':'p_bt_éntialjéxt:e' ‘where streams have do - through, or lateraily

_gradient and have a io de potentia here streams have dc ._ .
' y consolidated materials. Average landslid volumes are less than 700 yds® with

only 185 yds’ of unit sediment delivery (26% delivery rate).

"naw by *ranciscan geologies in the extreme upper basin experienced 20 landslides during
od from approximately 1934 to 1997, Most of these were located along inner gorge and steep - - <
. stream side slopes. Landslides on Franciscan termain delivered an estimated 32,800 yds® of sediment

- tothe stream system during the period of record. A single landslide and torrent originating in a steep .

- headwater swale accounted for about half of this volu e. Franciscan landslides average just over -

© . #000yds’in volume with just 1,600 yds' of sediment defivery (40% delivery rate),

~ Landslides on terrain underiain by rocks of the Yager formation are most common along steep inner -
 oree slopes along tie main channel and major tributaries in the upper basin. This is largely because
. Yager geologies are exposed almost exclusively in stream side areas of the upper basin where

: acific Watershed Axsomam -POBOXMI*B- ArcatL CA

18

95518.707-839-3150




SN F& Elk. R.wcr Seurmem Souree lnv:suzauon

' _fchannels have oowncut throuah the tlun:W"tldcat tonnanon 10 ex

B '_:-"\/Iap 3) Lanoslldes in Yager terrain are the largest in the N
173,600 yds in volu

SN rates are lrkelv due 10 therr cornrnon occurrence on ‘steeper stream srde and nner.

orth Fork watershed averaama over -

= Fmally, 1.)6 lanoshdes were docume : o_‘have occurred -_on.terram unoerlam by the erdcat aroup :
coof rocks ‘These" 136 landslrdes produced an estlmated 502 OOO yds® of er
179,000 yds to the stream system (36%
g -flandshdes was 3,700 yds:’ and 1,300 yds®;

_terrain, a larger number of Wildcat. landslides originated farther u
. Fork Elk River watershed; landsiides whrch develo
a large proporuon of their materjal 10 a stream channels Small landshd
e ;large percentarzes of thetr fatlure matenals to stream chartnels

TR Esnrnated sedxment dehverv for landslrdes in the North Fork watershed ranged ﬁ'om a low of 18% -
- for landslides : ‘appearing ‘during the rion-storm penod of 1974 10 1987, to a high of 47% for ides -
S ;3tnggered dunng the two’ penocls with the: largest storms. (1954 1966:and 1994 1997)
aamtude_ appears to have xnﬂuenced the delrvery efﬁcrencv of landslrdes ‘Slides forming
the largest storm events were generally- larger and had the grearest es
e "htch formed dunng the 1987—

_ timated -unit sediment
1994 penod were the smallest of all the vent

Landform ssacratwns wrth Mas.s' Wasting L
Inall years: of analyszs the majonty of debris landslrdes (69%
S slopes mcludtna steep swa.les within the i inner, gorge (Table 2).
ooas slopes that are steeper than 65% whlch occur bel
o '__next 10 a stream channel. For this study,
" occur on slopes less than 65%. Table 2 li
e :_'-;for each of the photo penods analyzed

ow.the last (lowest) sramf‘tcant break-m—slope

the geomorphrc assoc:attons and landshde frequenc:es v

I -_;;-'-'Inner gorge (>65%)_ and stream sic _65%
Lo :_-.:i._:-;landshdes 1dent1ﬁed in the air. photo mventory Inner gorge landsltdes were four: times more
 than streamside landslides but average unit volumes were 2.5 times less: (Table 3), |
-landshdes from 1994 were consrderably smaller in both length and volume than ‘were sin
._j-from the other trme penods The average lenath of inner gorge and stream ‘side landsli

o _.-..'--=penod of-record ‘was 200 and 310 f‘eet, respecnvely Several large landshdes obserlzed
i aenal ph os skewed the‘averaze di

" Pacific Watershed Assocrates - P.O. Box 4433 - Arcata. CA 95518 - 707-839.5130 o

- .. PWA bfgs .. :..
pose the unoerlwne Yaaer rocks gsen R

and_ delrvenna nearlj,r 2 OOO vds’ to the stream system’ (56%) I—Irgh delrverv : . :
aorge slopes e

osion’ but deltvered only
delrvery rate) Averaae umt volume and yield for thdcat_'_ L
respecnvely In contrast to mner aorge landshdes in Yager. ¢ |

p slope in steep.swales.  In thi N'orth__' o .
ped high on the hrllslope were less lxkely 10 deliver = o
es were also less likely to vreld SN

ginresponse -

) occurred wnhm steep :'mner gorge;'-_ %
Inner gorge. slopes are here defined

streamside slopes occupy the same slope ‘positions, but .
).slopes ‘were. the most common'pomt f ori n for.‘.

ldes 'for".-:the _': '; :_' T
onthe 1954
volumes for stream srde iandslldes during that time .
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' Of the 204 landslides mapped in the air

(3,770 yds’) compared closely with average

s ar e ]andghde

- N.Fk EIK River Sediment Source Invesugation .

PWA- 698

: --Land use assaczarzans w:rh mass. wasnng ._9._. re 8 Land Use 3“d Landshde ASSOClaUOﬂS
; -_-'I'he dlstnbutlon of landshdes inventoried i m gy :
the Norh Fork: Elk R.wer watershed w1th';

g '-respect t0'land use; is shown m Fxgure 8.

:' I'-photo inventory, 24% were. 1dent1ﬁed a5
" “road-related.” The remaining 76% were:
'. _’-classn'ied as “hﬁlsiope landslides.” ‘Average

- landslide volume for road-related landshdes_.'f %

Num ber of'iandsflqa._

 hillslope ‘landslide volumes- (3,600 yds®). - "‘f-'1954 1955 1974 1987 1994 1997
- 'Mean sediment delivery was estimated tobe - o Han’es“"g pe"c’d |

*.-approximately -40% for’ both road-related DR A S .
: :'_:and hjllslope landshdes ' D H'"S‘Ope 'a"ds"des

o

o _' Road-reiated Iandslld&s

-.3:f-'._'Data from' the aenal photo analysxs can be : i R
viewed in several Wways to. suggest how land manaszefnent may have aItered landshde processes S
- North Fork Elk River watershed. Because logging had commenced early in the North Fork (18805) S
- very little of the watershed was still unlogged by the time the first aerial photos were taken -

:}-Thus it 'was not- possib!e to'ldennfy more than a few pre-loggmq landshdes in the. Nort 1
_._"watershed from the earhest photos R ST

Severa] factors such i

damaged or.lost and canopy openings ©

13-707-839-5130 -

mthe':-?




T m So'urcz anmtgauou

i ';"_;'__'lenmh.i However 19 lanoshdes (10% of _total)_ ai photo analvs1se‘<ceeded 500

o ._-_xeet in leneth_ mciuqu tne oeposu’ i hese ccounteo ’or aPPFO‘ClmaEe!V \0 ‘0. ot the tOtai
5 d’ment dehvered' omall landshde during th SR '

I number. of Iarce [andslzdes produce a subst 'nttal}' i
TE portion of the. total sediment yleid from. alI mass. movement features. In the Bear Creek watershed
R ~.of the lower Eel River, , large landslides were found to have occurred in both the pre-managementand
Sl ' 'nagement period (PWA, 1998) Large landsltdes (>5,000 vds ) were found to account for'.'.j'-_f. S
e at Ieast 65% of the sedtment dehvered to'stream channels fromall lan _lt__des Smular relattonshtps" S

B jbenveen landshde size and contnbut:on to total landshde sedtment yteld were. pubhshed by Kelseyer -~ . o
el (1995). 'In an ana.lvsrs of stream side landshdes in the Redwood Creek basm (northern Humboldt "~
. County) they found that the Iargest 10%.of the Iandshdes accounted for 60% of the total landslide L
... volume.  The Iargest 15% %-of landshdes by number contributed” nearlv"’:’SO%'-__ of the landslide
'-contnbunon 10 sediment vieid. Sumlarly, the smallest 50% of the mventoned d_'“'des_ .by.f.l_um_b_e.rt S

":contnoutedfo'rﬂy‘S"/o ot the'-total landshde volume o : e L

The largest-debns landsi:des Whlch have been adermﬁed for each of the si ph_oto dates in. the

Fork: Elk Rrver were. dmded ‘into volume classes for . ‘comparison: 1) large 3,000:t0'5,000 yds?_, an

7)_very Iarge >5.000. yds (Table 4)." Twenty-three landslides (11% of the total numb' r)'_ftden "ﬁe |
in the North Fork Elk River had an estimated sediment’ delivery exceeding yds®:

-'.'.-_:shdes accounted for. 68% of the total sedlment dehvery from all landshde

B — [

for the'penod from 1954 L e
101997, In'contrast, the 181’ landslides that were smaller than 3,000 yds? accounted. for 89% ofthe

. North Fork landslides (by. number) but onIy 32% of' the total Sedlmcnt dellverv from: mass movement" S

__--:'-dunng the penod of record L

o chmﬁcantlv very lartze Iandsl:des (>5 OOO yds’) occurred in North Fork Elk dunng' only three 30 S
- photo periods- (1954 (n= 3),1966 n=7) and 11997 (n=2)). Wlthout triggering storms, very large
Sk landshdes are very uncoimmon (or. absent) and even with larsze events. landslides: exceedmg 10,000 SR,
S "yds in’ dehvery volume (w}uch were common and htghly important in '_B_ea_r__'gc;eck),.a_ré ;_rg_l_a;i_y:e_{y'__:
] “*'uncommon in the North Fork Elk River watershed. " " Only five landslides potentially fall into thi
category (>10,000 yds®) in the North Fork watershed (1954, n=1: 1966, 0=3 and 1997, n=1). The

sma.ie 19_97 Iandshde in t}us category was: road-related and actually occurred m 1996 the year'before'f-
the 1997 ¥ L :

'I'here is little indication from the aerial photo analysm that larqe and very Earze landshdes occur in o
__uruque setttngs in’ thefN_orth Fork EIk Rwer watershed as compared to smaller more common R o
]andshdes That 1s, as:de 'from thetr occurrence m lower and. streamside slopes, Iarge landshdes do R
S not appeer 10 occur in any pamcr.ﬂar--locatxon orare: assocrated with any- partlcular land rnanagement R

U : nalysis _o"~ deral pho graphy mdlcates that these"l'arce landshdes occur on’ both
. sureamside (50-65%) and inner. gorge (>65%) slopes, and that' they are associated with all
o management . practtces (roads pamal cuts; Clear cuts: and advanced second growth) and ages of i
. harvest (<15 years and >15 years).. - They develop on slopes from 40% to 75% i in'steepness, withan
R Uaverage initiation gradient of berween 50 and 60 percent. ‘Such slopes (>50%) are very common in

R the watershed covennsz over 40% : landscape of the } _\Iorth Fork (Fzgure ")

H\.CxQ“IS "‘“8.:9 ‘41




o Q\:.-‘i—"k.__mk _Rjy_:fs_'ed;r'h_qn séd'rce_' mvcs\ on
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~ |- - Watershed condition

_;erv Larqe
Debns Landshdes
=8 OOO vds

| Early steam donkey &
| railroad; Pre-FPR truck
' :roads and tractor Iogomg

Larue and 1
'_-_-_;_xery large
" landslides | . |
(% Of tOIal Sl

966 ".road consu'ucuo
| 1964 storms.

i 'La.rgcly Pre' FPR.'.'Erléc"tc':'r.' y
~4 | varding: anci road _
4 construcnon Moderatc

] 1994

_-Post—FPR, Incrcased _
cable vardmg _and:: 'dge
ad construcuon '

Post-FPR: Licreased
harvesting, mostly cablc

bmmmg, 1997 storm -

arding: New ndgc road

o .oad-r lated landsliding - As might be. e*cpected road related Iandshde rrequency show

peaks that o

E f'_'correspond wuh storrn penods A total of 49 road related landslldes were. 1dent:ﬁed m 'the aerial




R R

Sz

*_0 rmles had -been construt:ted;bv 1966.-_ By. 1 997. ov
: _lanos in the ‘watershed. One roao related lanoshd v

In the 1997 period, landslide ﬁequenc

' .__":'_"most faﬂures developed on older roads in rmddle and lower htlls ope posmo_ns N

R ;- Regardless of the analysrs penod htllslope landslldes (non road-related) in- -
~.North Forlc Elk River were more common than road-related: slides ‘During’ the 1966 photo period, -

no_né oaded htllslopes than along roads (Fis mure
b ed ad- elated _debns slides- by an i

b .0CC rred m:E 'Rrver_smce the 18805 :_;Complex euttmg hlStOI‘IeS make it ¢ __1ﬂ"tcult:
T :e_yaluate and separate the eﬁ'ects of harvestlng and : ‘storm magnitude on slope. fallore Both: 1se
-~ and storm magmmde have hkelv tnﬂuenced landslide frequency' within the watershed. ( 0ver the span:; :

ntified as havmg occutred on hxllslopes that had. been harvested less than 15 years earlier.- Total

with an average unit landsl:de delxvery- volume of 1 600 yds :

osnon and EnlargedChannels

~ of erosion along stream banks and in channels which'had experienced debris to dition,

ent_ to be readlly VlSlble on aenal '

: :er_shed All five occurred in the upper
ild'CS on 5101?'_ _ rangmg from 45 to 60% gl’adtent ‘Debris torrents travelled for limited distances |
‘7 'down the receiving channels.” The three torrents visible on 1966 aerial photos each traveled 550 feet -
Sl down the channel before cormng to rest. In the 1997 photos one torrent traveled 400 f‘cet and the' S

lonaest feature was aoproxxmatelv I, 650 feet lontz SR s o

7 Pasific Watershed Associates - P.O. X 4433 - Arcata, CA 93819 707-630-5130 < -

S Y. had’ droppe 1o’ one slrde for everv_-l 1 mrles of road in the' S o
" watershed. “Although frequencies. dropped for - variety of reasons (better construction; betterf-___.-- R
location. (ndszes) many susceptible sites had already failed, etc.), total road-related. landslide delivery = 1
7 ..to the stream ‘system still increased. - -__Srgmﬁcantly, very. few of the 1997 landshdes ongmated from oo

- ridge roads that had been 'c'o'nstructedﬁ during this accelerated. penod of road constmctron Instead S

s large landshdes (those that show 1 up on 1:12,000 scale aenal ph tography) were about 4 times more : ;
..._.1.9_97 : thISiOpe debris: slides again -

- of the available record (1954-1997), 76 landslides were identified ¢ on slopes which had been logged |
" . more than 15 years earher (Table 5). These landslldes accounted for approxrmately 98, 000 yds:‘ of ST
' sediment delivery and an average. landstide yield of 1,300 yds®. ‘For companson, 62 lanc s_hdes were i

olume of sediment. delivery from these recently harvested slopes _was estlmated to be 96 000 yds

"::;_"'“F’eld 1apping 2 and aerial photo. analy51s were also. employed to rdenttfy t locatt _ tude

ere analyzed. for. e\ndence of enlarged channels Enlarged channels are defined as__ hannel :
__reaches luch.e:dubtted channel scour sufﬁctent to vrsxbly disturb or remove the riparian anop _or_: e

watershed and’ originated as debris . -



N Fx. Elk Rive}'-'sadirhcnl Soilﬁ:c inves: a_uon:':.__ R S '. PWA-698 -

i "Table 5. Debns lands'h: s assocxated w:th reeentlv harvested and olderharvested s_:le_p_e's; S R :
o ';': -'North Fork Elk vaer" atershed SR e e e S T

|| Slideson >1.S:IYear old Shdes '6}'{*<“'1"5“'":v‘ear'cld B All nori road 'i-el'e'.t'ed.' |
ﬁ_.Ph_dto'year_ harvesredsopes (yds®) harvested slopes (yds®) |- landshdes (ydsJ)

il Volume (ydss)

) Voiume (Ydsj) NO Volume (vds’)

[ Average slide yield

| “ncludes landstides in advanced second growth areas, -

Sedunent_y]_eld from individual torrent tracks ranged. from an’ esnmated 1 600 yds® e o f: i
11,000 yds’.. In 1966, a total of 5,700 ydS - of sediment yield was derived from the three tefrent LT
" tracks. APPTOleateiy 12 800 yd3 of sediment: weid was generated from the two’ torrents visible in.
O '__-the 1997 aerial photos.” Four of the five debris torrents came to rest in'small first or. second order G
' stream’ channels ‘where ‘channel gradients sngmﬁcantly diminished. - ‘One of the. torrents carried its . |-
R '_deposxts to the rmddle section of Doe Creek, a small third: order mbutary 1o the North Branch North' B
. Fork Elk River. The reach. of Doe Creek which received the deposits was classified a .
(agg 'ded) channe .]dunng :'the__ 1:966 aerial. photo analy51s “None of the other torTe;

] _es'of' stream channei to determme the frequency and maszmt_ ' _'of bank erosxon b
W'thm the main stem of Elk River, and within aqgraded sections of the 1 main tributaries (clasmﬁeci as
i _..‘f.en]arged chzmnels”) lateral channel rmgratron dunng and f‘ollowmg ﬂood ‘events 'caus',ed local bank"? S
. erosion. This process. constitutes another source of sediment that i is eroded and. dehvered tothe
i -__-'f'channel syst ‘During our field i inventory, we documented: and measured sites of bank erosion along
L -_r_eaches and denved unit. esnmates of bank er051or1 sedxmen ; tion that could

1 Pacific Watershed ¢

S — p—




o '_Table 6 Bank:-e osion. along sampled stream renches'. "lorth Fork Elk R:ver

| -Reacn Reach I_e"m:th - Lenmh ot measured '-":r'-_'_Bank erosmn
G Noo (feet) bank erosion (f)

volume __,-y.dsf)_.-

Sl U L O f

e rmles ﬁ'om'the South Branch confluence. As m!ght; e :éxpecte _ba“ °Sﬂ.’¢'“ rates. (Yd53/ f) mcl'ease S
~in the'downstream' dn'ecnon from a low of 0.30 for Reach 3 to a high of 0.67 for}Reach 1. '

Average bank__erosxon rates from adjacent reaches were ‘applied to the remainder.

~ main ch annel to derive an estimare of the total contribution of bank erosion 1o sedimer.
. "3'bank erosion rates were apphed to the lower 1.75 mﬂes of the North Branch and
L _'_upper North Fork to’ denve an estimate for bank | erosion and edzment dehvery

5y :_ _'__channels The resulnng esumated conmbunon to sedlment yleld _from bank eroslon
.. major.stream channels totals approxim ely '

the:unsarnpl'ed SREIE E Y
ntyield. Reach =~ =
5.6 miles of the -~

for these main
proccsis:'s-ﬁlpng' 5

| Of 117 { sites of bank'eroswn 1dennﬁed in'the sampled reaches 26 are. currently inactive and 48 how

“signs of continuing erosion. Some bank ‘erosion sites occur along the active channel thalweg, while -
" “other arc only active. dunng ﬂood ﬂows wlnch*‘occupy the ﬂood plam along the channel'system .
i ] easured bank erosion were Jjudged to ‘have onnmated during th :
leven sites have vielded an estimated 1,340 yds® of sediment yield to the _: e
7 ccounts for appronmately 15% of the total yield within' the measured reaches r- F orty-one of the 74 Gl
sites of. measured bank erosion ‘were Judged to have':_onganated in the: 1960' :

s, based on site specxﬁc' R
v1dence mcludmsz revenetanon CAp roximate O% of:the total mea ured bank_{ erosmn was -
V] PP _

d ved'from these older snes Of the 41 older sues e Judged to still be' actwelv erodmg S

. rge . Enlarged channel (EC) segments occu _

T causes wsxble openmzts) in the riparian canopy.: If there is’ no npa

S often charactmzed by substannal (visible) fresh aggradanon m or

.. channel reaches in the North Fork Elk River watershed were

" photos. Three photo pcnod& 1954 1966 and 1997, showedi'ewn
'-'_-channels AR

here channel deposmon or erosmn
rian canopy, enlarged channels are
along the active channel Enlarged S
mapped durxng the analys:s of aera] o
dence of the development of enlanzed BRI

asifie Watersnéd Assocrates - P.0, Box 443 Arena CA 94518 - 70783945130 i




TR -_A total of 25; 000 feet of'

o 1997 gerial photograph

A __'-:feet eof'th

SN Fle-ﬁlkkiv& s:aimm:s'm-mvaﬁ'gatoﬁ PWA o8

o -51 total ot_.‘l .aOO fee __ot enlaraed channel:_sn_two reacnes was ioentmeo on the 1954 aenal photos

" ‘Both stream reachee occurred in the | main channel in the upper watersneo Just above the conﬂuence .
_of the North Branch (Map"a).f.-i These two channel segmen
RSt the ttme of rneasurement.___

ch_were an estlmated 70 feet w1de at | o

_ a___ged channel was 1dent1ﬁed in 16 channel reaches from the 1966 aenal L

i photography (Map .:) Ttis aSsumed that these reaches formed as a result of the 1955 and/or 1964
o _1_.:ﬁood event, as they were notvisible in the" 1954 photoaraphy Indwrdual 1966 EC reaches ranged i)
" 'inlength from 400 feet 10 6,300 feet, with a mean length of 1,560 feet. Measured widths forthese . |

*.channel openings ranged from 40 feet to 180 feet, ‘with a mean of approxnnately 85 feet. Ano'ther_-
7,100 feet of channel was characterized as (displaying discontinuous. canopy openings. :
reaches ranged in length ﬁom 810 feet to -,..00 feet. 11966 enlaraed channels were distributed

- the watershed in the lower, middle and upper mamstem;' a'nd in tnbutanes in both the lower and upper
: ____'.North Fork watershed (Map 3) R :

'--:..:--Fmally, a total of 3 800 feet of enlaraed stream channel was 1dent1ﬁed in. rune stream reaches on _the_ L
_ __araed channels presumably formed in: response to processes o
operatlng durmg the 1996 m event. Indwndual channel. reaches ranged from: 130 f'eet 1o 880 L
-~ feet in length, with a mean length' of approxrm_ately 420 feet. Channel. widths ranged from 20 to 160

ches ha 20 foot. wrdths The. 1997 enlarged channels mcluded rwo”;: BT
- short segments in the ‘main stem above the North Branch, one long segment in a tributary in the’ lower L

_.:wa_tershed (whxch developed in response to aagradatxon from alarge’ debns sltde), and'a nu of
~short segments inthe lo and downstream from the Scout Camp (Ma 3.

S ecame apparent that 'channel ‘erosion in low’ order
_ _'i;ifstrearns was a relanvelv common occurrence Earlv Steam donkey and .oxen loggmg in the lower'-

- “North Fork in the late 18003 and cable yardma and raxlroad haulmtt from the 1920s thr

- ough the -
o 19505,-resulted in"exten

channel ﬁlhng in huther order stream channels of the lower basm o
in, along and crossing many. of the main tnbutarres of the North::Fork Elk -
that was originally placed in these larger channels when the railroad grades -

mpossible t determme Reaardless these deposxts"--haveflaraelyl-

o i-jI.n-.the early days’ of tractor logging in the North Fork Elk- RWEI‘ watershed it wasaiso common for
“tractors to yard logs dzrectly down low order stream channels and to:construct: landlngs within the . |
_ -:channel system where they were crossed' by truck roads. Many channels were parttally or completelv'-*'
'-f_filled with soil and debns during t__hree decades of tractor logging from the mid- 1940s through the
'1970s. Inthe subsequent'two to four decades since the | practice of channel yarding was ended, these
- “streams -have progressiv yg_scoured through and ﬂushed a portion of these’ sedzrnents down stream.

' _;’"-Fteld observatxons suagest that rnechamcally ﬁlled stream channels reoresent a potenttally larce :
B ='-persrstent source of po harvest erosron in: these areas.

“P.0. Box 4433 - Arcata. CA 95518 - 707-839-5130




__ esttmates were made as. to the deeree of | past channel ﬁlhng th h_ad occurred eHbiEy e
_ﬁ’fﬂi_re eullvmg of these deposrts inthe i intervening years ~Analysis of tractor loeged"srtes rdenttﬁed on’
] '--"".'Q-'the 1954, 1966 and 1974 aerial ‘photos allowed for a more complete picture of the spattal extent of e
SE _.;past tractor vardtmz -that haa occurred in first, secon

: -_:.'::;_::;extenswe tractor loggtng on the 1954 1966 attd 1974 aenal photos :'A sarnple

d and thtrd oroer strea' 1 channel

of2 78 mi’. oftractor".. R

. logged land was' -analyzed from aerial’ photography to deterrntne ‘average stream channel 'densny and -
e f';::mechantcal_;ractor drsturbance (Table 7). In the sampled 2 area, stream channel den31ty averaged, 6.85 Lo
 mi/mi* and, on average, 49% of the first, second and third order stream channels’ ‘had been dtrectlv L
: ':_-.-tmpacted by tractor vardtntz within the channel,: First order stream channels comprised- roughly 550

of the total channel network, with second: and third order channel composing the rematnde_r i ou’gh_[y’._.’: G
4 S‘V "of the ﬁrst order channels had been tractored and 53% ot the htgher order streams had been -

it yield from eroding, mechamcally filled _stream channels G

i "deptcted in Table 7 CIti 1s esttrnatcd, from this ana1v51s that over. 21,000 vds’ of sedtment has been"z-' =
- introduced to the stream system over the period of years covered by th

- ;;-_'_late 19405 through 1974) These phot_o penods larnelv covered_the

e three photo periods (roughly, . -
years when tractor logging was . L
of‘ yardtnrt down stream channels ' '

97-839-5130 -




. f-:tdenttfy“-_ nd m

. decomrmssroned

&) Road-related sedrment sources

: Lts the thrrd phase f the sedtment source. mvesnaanon a 100% ﬁeld mventory was conducted to ;- _
_ 'edtm nt producnon and sedime t's-deltverv from road- -related: sedtment sources
s _i----throughout the ‘\Iorth _Fork_ Elk Rtver 'watershed._: A total of l.u miles of road was mventorted

At the tlme of the lnventory,'

“watershed" (82 miles) w:

'-'.percent of the road’ nerwork fell into the: remammg}categones unmamtamed but dnveab

:;accurately determme their volume and sechment dellvery ratto '

. of 602 sites' were mapped inthe

_revegetatlon of the eroded area) and. locanon 'o the erosr

Be_cause 1L is .'dlfﬁcult to 1dent1fv srtes

B which have failed more. than one ttme in the past (road reconstrucnon often masks these sites), such |
oas washed out. stream crossmgs gullred road beds and farled road pnsms these volumes of;.past S

_ '_-.--'__eroswn and sedunent delivery should be consxdered a mmrmum esnrnate s

: leeW'lSC we have not quannﬁed the volume of ﬁne sedtment dehvered to"strearn c _annels assocrated =
'mth___:_surface and rill erosion along cutbanks; road beds; ditches’ and skid trails throughout Elk River. " -
Sediment ; reductton techmques and prescriptions for controlling the fine sediment discharge from =

Howeve_r in light of |
s of sediment delivered by both mass wasting and fluvial’ erosion outlined in Table”

q_.-'roads and drtch&c is address_ed in the erosron' preventton 1mplementatxon plan
- the: _ volurn

: 8 as well as mner goree and stream side’ landshdes descnbed earlier (Table 3), we esnmate that road- |

-+ related surface erosion processes. account forno more than ﬁve percent of all sedtrnent .productron L
o .j_.;and dehvery-m the watershed.

= A total estimated erosion volume of | _.'15 1,200 yds® was measured from P-

B roads were classmed as e:ther mamtamed abandoned (but dnveable) .
: _ﬂ'_abandoned (not dnveable) and decomnussroned Approxrmately 62% of the road network nthe
categonzed as m_amtatned and 35% (46 5. miles) had ' been abandoned EHEA

" Many of these unmain amed roads had been a_ba_ndonecl _for several decades, or Ionger ‘Less than 1 two i

i : The dunensrdn of each eroswn feature was measured a volume was calculated SN
o and an esnmated sedlment del:very rate (%) was estlmated ‘In many cases; gullres a d’?ﬁll lepe'[' o
 failures along the roads had to be traced hundreds of feet downslope through dense vegetanon to

_ the ﬁel_' where past road related sedlment yreld_ had occurred The data
~.-has been segreaated accordmg 10 estzmated decade in Wthl’l the eroston_was 1n1t1ated (based on

road-related sedxment -

_'_f.-'_'_P‘J_JA-'GiQZS C

_sources in the: ‘\Iorth Fork Elk River watershed from the '1950s to the 1990s: (Table 8). Ofthis =

'volume, 56% was estrmated to have been dehvered 0 the stream channel system.’ Sednnent yteld"* |
s from the road svstem rmrrored the occurrence of the | mator ﬂood producmo storms in the basin, with = . .

 and sedunent d hverv occumng ciunn° the decades of the 19605 and |

L S—



‘Road-related erosion and sediment delivery
y decade and erosion process, North Fork Elk

" | (Bllslope/ | STEAmDARK | p i i | Hisiope |
 Siree s e - Rullslopes o T TR ;| “Failure -| . Failure " Failure -
L Sltcs -W&Shou[ BN i R ems.lpn e b S Luid

19905, Unit sediment delivery rates for each period were 450 yds¥/mi £ r 1966 and 244 yds¥mifor
 the 1997 photo period. Erosion volumes for 1997 ar spread over 133 miles of eviting rond whoresy
~ volumes for the 1966 period are spread over a much shorter 50 mile road network that existed at that =

| Asa process, mass movement accounted for 67% of the erosion identified ai
Table 8). A total of 120 past road-related landslides were identified and invento
rosion of 101,640 yds* and a yield to stream channels of 57,300 y fro
940s until 1998. _ Over 40% of the slope failures occurred on inner gor
pproached stream crossings along deeply incised tributary channels, and 35% o
gradient (50-65%) stream side slopes. Fluvial processes accounted for the re
‘erosion and 47,500 yds® of past road-related sediment delivery (Table 8). -

_ ried

. Stream diversions at logging road stream crossings was 1 he single largest component of road-related
O fluvial erosion and vield. Just over 60% of the fluvial erosion was attributed to stream d
- Ugullies occnrr'ir;g*bﬁ_‘:s_i_c_iejo_f_sz'rcéi;i_cfg_:jési_'ngs.s_i:¢_s_.'.;-._t3_f_t_hé f-3'3's_exist_ix_';g-'s_t'ream"'cfo's'sings'élé_ﬁg the
- --road system, 13_5..3:(55%)__?’.‘111&1'-?:"di"’:'?“?ipﬁ'Pb_t?.n?ial;"}ﬁd-;.3:1_,”0__f'._the$:ﬁ_;.(_.44%)-:ha?c_:di\iér'fed atleast
 onceinthe pas. These diversions created hillope sl that procieed ovar 4 400 pes oy
‘and ::s'édixhént:"delj\éfér_'y{.;St_r_ea;_rn"_;_:"r_p:s'_siné failures (washouts) accounted for 37% (14,900 yds®) of past -
" erosion and sediment delivery from roads in the Elk River watershed. The number and volume of .

iversion "

Pacuiic Watersned Assodiates - P.0, Box 4433 - ire W CA 9SS 70795150 G
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 erosion from su'eam crossme Wa.sh-outs 'are ccrtamlv unoerestzmateo because ot the maskma ertects RIS

Bt ':-fﬁ'_of subsequent roa' reconstructlon at past faﬂure sxtes

s Sed:ment Productlon a’n’d Dehvery-from theﬁ North Fork Elk vaer Watershed L
. The 1 three eiements f the sediment sou ] ed: 1) an air. PhOtO anaivsxs of

© . stream channels and 3) a field inventory of road-related sediment : sources,
e dehvely of- s'edlment from".measured'-sedlment sour '

F ::ﬁ Total rheasured sediment delivery to the North Fork Elk Rlver

acks; 2) a ﬁeld samphne':'of bank erosm”n and scounng of mechanxcai ly ﬁlled S

_ Table 9 summanzes the'__ !
thm the North F ork Elk Rrver watershed P

annel system frorn the 60+ year g1 )

8 penod of record (mid- 1940s to 1997) is estimated at approxlmately 508 ,400 ycis3 This representsiﬂ-". ';
- an average yield of approxlmately 550 tons/rru'/yr Landslides. (exclusxve of road-related slides "
' "._f:*measured dunng the ‘road: mventory) are the most. :mportant 'source of sednment in the basm EEETRa

- comprising an estimated 55% of the total volume of material delivered to stream channels dunnz the
. _'_3__-_:_penod of record. Of the total volume of landslide material delivered t

o . ‘peried, appro:clmately 20% occurred tn the latest photo penod (1994) 199
954-1966 period. - _ :

/) and 4.:% occurred in the T

R I strearn system from
Hilia sources dunng the photo penod The l'ugh voiume of landshde dehvery in the pre-

0 streams’ w:thm the studv R

1954 _.-penod"_-i e

;_(landshdes dehvered about 82% of total sedlment from all sources during that period) Ilkely stems - -
. fromthe large: amount of the watershed which had been haryested in the precedmg'ZO to"3:(_J__-vears

“...:51'.994')::hadfi'éiet_'ive'lj}.-{fe“f--idhdSiides"’aﬁd'fthes:}” andshdes accounted'-" g

" forand estxmated:;ls% and 5% respectwely, of the total sedtment dehvew to streams durmg these SARE

'-__-=3:penods e

C ; Iarge magmtudestorms (such as. 1997) are dnvxng“mechamsm:': Er
n and. ch_a_nge in both. watersheds the estimated rates diment: dchvery m the

- “as ‘Bear Creek (6 200 tor_xs/nu‘/yr) over the same time period. ‘This is likely ﬁmctl'_
£ 'dxﬁ'erence n topography nd. geology (as weﬁ_ as other factors) whmh c
ivity of all ab inner gorge lopes e

sin (550 tons/rm-/yr) are:still: substantlally lower:'that high yleld basms such_ _. |

Wthm the North Fork watershed unit rates of sed1ment dehverv vary trom one photo penod 10 the S

e next (Table 1_0) _O e_of he controlhnc vanables in determmmg umt eros:on_rates and sediment

8_,94130 SRR S
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e 'Table 9. Recent sed:ment dehverv ) srrenms in 1 the \I'orrh Fork Elk Rwer Wz:ltershed1

B ank Scourof Road--_-'_ Total
c?oéion.;
":7' vdsh)

charmeis erosnow”;i- | delivery | “oftotal”

19%

e 1966 121300 13200 35% [

o 'j:;:f_:; (pan 90s) L
| 1997
2| (pant 905)_.:.'

'rotai
S yleld o B v

' -:'_'j -'.'fD'tal ey

!n genera.l covm scd.lmmt d.elwe-rv occumng fmm about Lhe m:d lo lam 1940: thmugh 1998 E).ciudes surfaee erosion.

o, reprcs:m lusl.hm 10'. f:m pe:mps lcnlha.n 5%) oflota{sedamem dcl:vew EREER R
-2- Lmdslndn are n:mrded bv phom yu.r asis the scour ofchann:i ﬁll depoans. All other sedlmem delwerv is Eoggcd hy dccade ofﬂrxt A

L 6c::urmwe. Decades aze 1950;. 1960z, 1970;. 19803 and 1990s. . L
Includu nll landsl:dt: |dmx.ﬁed in the air phom anaiym. except ﬂmse I.hal wen-.- mcluded in the road erosion mvenmrv 5

: Ba.nk mmon vai nngned 10 the: time whcu erosion appears to have first commmced. Some s'les'appear'lo crod' - ov :
: erosmnfortbe 19905“':: evmlvdmdedbemamme 1994 am:l 1997phomve=.rx. N SRR R
3 i The tempu:l dmnbuunn of scour in medn.mc:jly f IIed m dunnel.q was not pomble [ de:emum in'the ﬁeld. chee.. erosion was
_f-_‘omtdcrtd initinted in the dmdeyw in which the filling (tractor yudmg) took. piace, and volumcs {yleids) were then dl\nded between lha_l_
and each of the followmgmmmhmﬂmgtolhenmberofyunmuchphom penod. 'nmmuruﬂchm{mg of’lheseﬂnmd :
scdlmcnu appeu: 10 be 2 cum.mumg proom :

Gt L

0 phom penods. One: penod“was longcr k990-1994 bul the olher _ xpcneneed a : :

modcruesmrm 1995. 1998

dehvery is the duration cf time berween major storm events “The Eonger the ume mtenai thc lower -

g __'dcﬁnitior_i_'(j_f;_t_'hg't_rue effects of ach s_to_rm event on eros1on and sealmematzon in the watershed

’:u:u:c Wamshcdr\soczam PO Box4w33 -\rmm..t.-\95518 ,07 339 s130.”

o cfilled” | related | sedlmcm {--Pc_r'c'ent; S

S 1000/0 : .: L

‘the rate, all else. remmmng equal.. Ideally, annual Photographtc coverage would allow foramore .
definitive determmauon of: sedlment producnon and delivery. It would allow. for a much bette-'_' e



o .:'Table 10 Est:mated sedlm irt dali

{199 4_1997 T 2 616 acros loggod (88/o cabie), 26 mﬂcs of

' N. Fi Elk River Sediment Source Lnvestigation  ~ . -

. t delivery rates for six times periods, North Fork EIk River

4 Dumr e v
| (vrs) | Gelivery . “rate!

| [ Popeen | |
e ' (yds’) (t/mr/w)

] DR : Esumatcd 7 100 acres clearcut in’ 19205 A
Prel954 19305 and 19403 usmg rail and cable; 2, 800

acres’ tractor logged 1945 1954 28 rmlcs of (Esumatcd) I8,500 .:._:.:_

1oggmg road built ©

: : T .1 050 am mcmr logged clcarcuttmg and o - HE 7 _::: R
B 1954-1966 : .channcl ﬁlhng, 22 miles of new. loggmg road e 179*00 e

Z 1966-1974 '_2 133 acrcstraczor loggcd clcarcutnng and L ._3 64400
SRR o _-channcl ﬁlhng, 25 miles of new, logging road [ ERNERREEES b SRR i

SR SRRt _'.'Forcst Pracuec Rules mcffcct channcl ﬁllmg [SERRN RIS B e
s "_1_9747'1_987.:5. ‘ends; 932 acres loggcd (4% cablc) 9 mxles of ------ g R 46,100
_:"r'icw loggmg road : ol EU AR N

: 2 419 acms loggcd (24% cablc) 22 m]]cs of TSR el -‘ :
ki 35.950 s
| mew loggmg road - - : ot IR o

| new, largclv ndgc road construcnon e S 1 84’250

el ) En:u‘c basm hamsted Wl[h somc sccond SRR e
Overall rccnnvmnorth 1.:3 ml]cs of road consnructcd o 60+ 508,400

G (P L)

b Assumesabulk dcnsm.r of lOOlbs.fﬁ’ Dclncrv ratcs are hlghly dcpcndcnt on lhc durnnon of thc ume mtcwal
betwemphot.ovcars A Gremno i

i 1994 to 1997 : 'I'hc ca.lculaxed unit sedlment dellverv rate for the three ycar penod from: 1994—1997 -

:_ three year. pcnod

< effects of the 1953 and 1964 storms and undersrates the 1mponance of these events in the shon: term'
'record : S i e -

" Pacific Watershod Associs '?o on 443; -\mnu.C-&9‘518~"0: 339 5130 i

L 33

CPWALG9E

Scdlment g 'Iﬁcliiérﬁ BE RN

time: mterval avaxlable for the North Fork is f'or 'the three year' penod from' -

. based on our field. data and. aen_al photo analysis; is ju - 1,800 t/mi*/yr (84,250 yds® overthe .

L : ' '_'Iable 10). 'Although this yield value is over an order of magnitude lowerthan -

7. the sediment dehvery_ _ate for the same three year. penod in Bear Creek ("1 200 tfmr/yr) itis sull__'-'-'ff"_
: -"f‘:ﬁ_-rouglﬂy twice as high as the 1966 period (whjch contained the 1955 and 1964 stor‘ms) in'the North =~ -
S f;_";Fork Elk vaer ‘The: relanvelv long record of the 1954*1966 penod (1“ vears) serves to dilute the



'\l Fk_ Elk R.tver scdtme-nt Soun:e invm:ganon

.Stream channe! 1mnac's toUomnq the 1997 floo: North Fork k.

. nearly as. w;oespreact or continuous as thev were m Bear C reek Oniv
"'1997) e\:hlblted vrsuallvﬁ-'St_amncant ar :

_ _ _ stem as
ne mttzratton Ans iow eradlent reaches of the lower --watershed --Ad
n _ i er fo’ have occurred, but not to the e*tte : ;
3 _op cover were aﬁected 1n those areas

rosmn prevennon and erosnon controi mea
related sedtment productton and dehvery in“the’ North
-i"measures o control and. prevent both road-
; easure especxaﬂv those alonz the road §

sures can be used to hrmt management-
Fork Elk River watershed. These tnclude-_.
related and. harvest-related: sediment’ sou'rt:es : '
ystems are proacttve pro;ects desnzned to )

—

1) those related to stream’ crossings (fluvial

:-_those related to. mass wasttng (usually road and landtng ﬁllslopes),:'
Trelie

: 3)::-h111510pe gulhes be!ow duch§; o
1 5, and 4) persmtent sedrment sources (dltch and. road’ ‘Tunoff) (Table 11). :

A totaj of .uS stream crossmes were tnventoned (2.5 crossings/mile) in the North F ori. Most newivf i

L constructed roads (those built in the mid’ and late 19905) have i been bullt on uppe_r htIIslope -areas and___:_._'_'?"__' G
long ndee-tops so these routes have v very few streams or. crossings. The 335 ider

3 Humboldt log ¢ crossmgs 24 uhrerted Humboldt" 8 br .
1 unculverted ﬁl_l :

-Treatment f stream erossmgs
watershed’s stre :_

Serious’ erosmn at st:ream crossmszs
culvert pluﬂomg, and/or stream le

_ ‘and 81 have been.:_'j._ o
nderstz d f_‘_or the 30-year flow. Of the.
otential for stream’ diversior road:

| g : " the culvert or other ---_drmnatze stmcture we'e'to plug at
L ._'-":streamﬂow wouio be cuvertea down th 'road In the pasz

these ; ités; T
8 separate Stream chversxons were_
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e documemed to have occurred alonsz_the road '_svsrem and \_1 streams are currently' drvertea These
dwersmns have produced- s* of erosion (Table. 1 1) 5

: '--f:'Ta'Bie f: f_uture erosrou and sedlment dehverv alono 1.:3 mrles of . roads,

Number of s1tes
“(or road miles)
-'_;_'_Erecommended for
. treatment .

Esumated future

Number'dfaitee" G
sedlment dehvery

x Sedunent 'S:QUI.'CE.;:_"':' | ] . wrth future

| Stream crossings - ...

: .faetorofIO : : SRR
18 7 rrules of road dxtch eurrentlv dram d:rcctlv mtc stream crossm:z cuhens

;_'dw.ass wasrmg (r_ad' el e
~* Potential road-related mass mpvement_features 1denuﬁed dunng the road znventory were dmded

; - cutbank failures, landi 1g fill failures, road fill failures and others. - Of the 141 xdentlﬁed site of
. correctable future road-related mass wastmg identified: along the road:system, 107 are 26

- potential road fill failures occur where the road crosses steep inner gorge slopes on the approach t

o " acrossing ofa deeptym ed: hannel, The. expected future dellvery of Iandmg
. are not treated, would be 5 70 yds®

18, ooo yds’ to the stream' systern

' -Sedrment dehverv from 'otennal road-reiated mass wastmg srtes was esnmated to range from _-1'0% ;
o ncmrly 100%, depe g n'_several site variables. In general, those with'a hxgher dehvery'rate are -
. ._located cioser 10 a stream and on steeper slopes than those withless delwery The : :
S 'hﬂ]slope gradient _ S
s -O_feet (for those unstable”ﬁlls whrch alreadv toe_ out in the channei) to *00 *'e"t *or sever 'l potennal [

LU ”MeWmedAnoc:am 'PO Box4433 —\re:n.'LC-\S“IS '0'839 “" L

ot t1al__landmg : __ itbank. mstabnhnes and 4.are other types. of site s. Mos df the'fill-: -

ilures, ifthey
eﬁ_ untreated road ﬁII fa:lures are expected to dehver over B

] ge: natural L
the 141 sites exceed. 60%,: but. the drstance to’ the Teceiving stream ranges frorn' S
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.__andm_ 'ﬁll fauures The average distance of pozenna fill: fauures wrth a. hrah--ootenual for tuture

lelivery is 70 feer from nearest stream. Unstab _sIOpes that are. located “00-350 feet from
he nearest: stream cnannel were. T.VplCaHV assraned a dehvery oroniy: 10% to 20 8, at best The'fe'w'_._ R
__tabrhtles With a OJECIed 100 3 dehverv were located n_ght HE‘CI to the stream ch b

L

annel,

::Erosmn preventron

A _to_tal of 661 sites of potentzal ﬁsture road-related erosmn were mvensoned in the North' Fork 'Elk A
~River watershed, All dirch’ relief culverts were mapped on the derial photo overlays but. only those' I

"""" included in the. database of problem sites. - Al S

o~ ‘whichcould dehver sediment’ to'a stream were Co
L *""Q.mventoned sites,: by*deﬁmtmn, showed future potennal f‘or sedlment dehvery 10 the Nortl'x F ork or i
*_its tributaries. Some had already delivered sediment. . A total of. 543-sites have been’ recommended R
' hkely to yreld sediment to' stream channelsin

3 _ff:f"for treatment (Map )'" :se include those sites most EERENE
. and they are at locauons where eost-eﬁ‘ectrvej_'_._ Tt

the ﬁ.rture if erosion prevennon worlc is not completed
_ork can be accompllshed :

'_ot'all sxtes thar dlsplav potential for sedime:

~urgency. (PHOHIY) for treatment. This fact led to the utilization of criteria for 'pnonnzmg all thé';

~.potential work sites in Elk vae : Recogmnon of site daﬁ'erences and dlﬁ"erences in erosion and

sedzment d hvery potennal Ied to ‘the” development of a: ratmg system based on_ "treatmem_._ [
m . Inthe ﬁeld erosmn features that threatened to deliver sediment to stream annels

.were emgnated riow “'mm‘-’d‘a@’” of needed trearmerzi_ For all_'
the -Tl‘;eatment;_im_mgdlacy_ E

delivery to stream channels have ‘the same n

- ddres: _ tment' pnonnes is: to 1dent1fy hjgh pnon r'___ ds-'f-i'_.___ S
L ner o reanng'snes ma:unnzes_equrpment eﬁicxency and minimizes the need - R
to Jump around“ the watershed tr' high pnonty sites: Pnormzrng roads is the"-.- AR

1S f‘or erosion prevenuon and there are several ARHONE

Table 13 outlines the ‘propos d wo ccordmg
o Elk River. watershed Only the most srte«nch”
- nurnber of snes a.re hsted_ﬁrst /ay o

road wuh numerous sites havmg  high SO
e N75 35 road, at 1 29 miles' long, would ~ . o
' J/mlle wlule lonzer roads (hke the U road e




: \I Fk. Eikaer S_edi.rncnl Souree _ vesugmon :: .

b m.jm':

| o 'jTable 12. Treatment pnormes for all mventoned sedxment sources ut the North Fork Eik o _: :
| River watershed. G e ; :

o ..s-?‘Imm‘sdlacy’:-’:-:ﬁ'or.-zPn‘dr_i'

sedlment"dehvery (yds’) i

o :-;Moderatelezh

i :_Moderate

o Modcrate/Low

_ ‘ oads and other erodlng areas aiong roads in the North Fork Elk vaer : These nclude __pgradmg and ERE

3 "_-'_--ﬁl_eros1on; prooﬁng endstlng roads and’ landmgs ‘total or parual road decommnssmnmg, and Specxﬁc G
- erosion control trearments along road surfaces, ditches, eroding stream banks, gullies and other bare '
"-_-_-.-_soﬂ areas. -Sites whtch are expected to erode and dehver sedtment to Streams in the future are the =
o -g_nu locauons where opportumty exists for. meamnszful erosmn control and erosion, prevennon work.

" At these locattons ‘a variety. of specxﬁc treatments can be etnployed to control and. -.prevent future ' _
- .._erosmn and sedtmcnt deltvery'to stream channels

| '3'-'Generxc spet:tﬁcatlons for a vanety of. preventtve watershed treatments have-been developed for'-'-. = 3
'-'-decomnussmnmg and eroston-prooﬁng (upgradmg)__roads_and Iandmgs Recommended treatments S

e '_:':j(closure), ulcludtng the excavat_ton of unStable sidecast ma_tenals road' ﬁlls and all stream crossxng'.-""" o
S fill A'_numb' of. roads in thefNorth Fork can be targets fOl':'deCO .

L Road upgradmg mvolves a vanety of treatments used 10 make aroad more restl:ent 10’ laree Storms o
: 'and ﬂood ﬂows 'l'he most nnportant of these mclude stream crossmg uparadmg (esper.:ally culvert




R Tnble 13 Top road treatment
o '\'orth Fori\ Elk Rtver . watersh

edl

:'o of snes

treatments 15 to rnake the road as

ad deco r_n_rss:onmg or ciosure are newer and less wel] o
1 tested; described and evaluated Decomtmss:omng e

-except that ﬁ.lfl topographlc obhteranon of the road_ -
-bed is th normaﬂy requtred to _accomphsh sediment | Pprevention gog_ls ~In orderto’ protect the
. aquatic ecosystem. the goal is to' “hydrologically” clos_e the road; that s,

: 'eﬁect ot the road on namral htllslope processes and-w

L
S PR .

‘hvdrologlcaliy mwsxble”__as'. L

t0 minimize the adverse
ershed hvaroloszv Several roads in: Elk R.tver R



e ':-hydrolomc closure

" - intostream crossing culvers. -This

N Fk_ Elk R:Vcr Smu’nml Soume anest:gauon _.

L mcludmsz pomons of the \a /5 Roao and several of its 5

L TVprcally, potenual'problem areas; al'ong a road are 1solated 10 :_few locauons (perhaps 10% to 70%

- ofthe road, network 10 be- decommlssmned) where s srream_ crossings need to be excavated,
T '-landmsz and road sidecast needs to be removed before it RN
*‘terrain and the entire prism needs to be removed. Most of the remaining road surface simply needs.
'-_-.'permarié'nﬂy unproved surface dramasze usmg decompacuon road drams and/

faus o roads cross potennallv unstable

: or pamal outsloplne
: 'l-_._..'.':Tabie 14 hsts a number of treatmenzs and their typrcal apphcatlons L SR A

N ’I‘ahle 14“. Sample techmq_es and applrcatlons for temporarv or. permanent road closure

Treatment

Tvplenl use or: appl:catmn

_ -_unprove mﬁltrauon deerease runoﬁ' assrst
‘rev ezetauon used in decornmxssromng

; 'Z'ZRJppmgor decompaenon "

. _ Constmenon of rollmg dlps and cross-road . "-:drmn spnnes dram mslooed roads drairr 'landmgs
":.drams L i

- 3.‘Installauon of cnt:cnl d:os is Lev to road upgradmz

':{Pam'_ ":_outslopmg%:_i s _-remove rnmor unstable ﬁlls drsperse eutban}. seeps
“(local’ sporl srte ﬁll aeamst the eutbarﬁ.)'f.“'“ e ang nmoff R S

::Complete outslopxng e ;used for_'removmg unstable ﬁll matenal where 1eard
(local: spoal sue ﬁll aeamst the cutbank) R ' _ : :"cutbanlr 15 dnr and stable a decorrumssronme tool

. xp rted ouulopmg : T B - _:'used for removrng unszable road ﬁlls where eut banks
(ﬁ]l pushed awav and stored down-road) EaRss "have spnrms and cannot be buned

L -Landmg excavations

i i e " -S'usod to remove unsmble matenal nround landmg
"'(w1th local soonl storaae)

5 .penmeter used tn uoeradme and decomrmss:onme

Slreamcrossmg excavanons _' R

o o 2 road deeomrmssromng techmque completo rernoval
R e -'(wnh local spo:l storage)

il jiof stream crossing ﬁlls (not jUSt culvert removal)

'.-.haulmg evcavated sp011 to stable permancnt storage
-.locnnon “here 1t will not dlseharze 1arge 1o a stream S

S "'Control of persrsrem sources of sedtment vreld from raads' dztches and cutbanks 3

Road cutbanks and road ditches are thought to deliver relatively' smmﬁcanr volumes of fine sedrmem

~to some watersheds (e. g.., Reid, 198 I) and they have been found to signifi

______ cantly affect watershed C

rain dlrectly_f
seem. hke a relanvely ummporrant sedlment source relative

oducrron can 1mpede rhe recovery of ﬁsh-' X

N '-hydro]ogy (Wemple 1994) In the: North _F ork: Elk Rrver 18 mxles__of‘ roadsrde dltch d

“to. 1andshdes and guihes bur -persxsten fine sedrmen:"
- ._:bearmg streams ' e

PmchuershedAuwm PO ch“33 -\m:ua.C-\Q*Sls - 819 *13@

unsrable S

spurs. have bee cecommentied fo permanens

R S



R ".\.'.'Fk.:."E_!k_Riv& :_Sed.irh:ém Source uwcmgal:un
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- _'-conduct more deta11ed analySIS of the snes :
. physical characteristics th 'could*b:_ ' e n_*'_the field to better define the overall character
; __and dlstnbutton of the faslur sites across th landscape that may not be evrdent on aenal photos

'lso_ be useﬁal to improve the predtctlve capability.of: zeolomcal ﬁeld
rewews of potentlal harvest areas so as'to better tdenttfy potenttal ;nmanon s:tes ' -

"'_'-'TO 'rmngate'or reduce the mﬂuence of management on overall slope stabthty in the North F ork

S Elk Rtver watershed steps should be undertaken to better charactenze and predtct potenttal slope*'éf__.- o

IS sttll the use of tramed and competent geologzsts to conduct field § tnspecttons and perform

S geomorphxc site- analysw for all harvesttng and road constructlon plans in sens:ttve portions of the s
landscape. “The most important sites to identify and inspect include inner gorge slopes’ (>65%), 121 O
streamside. slopes (<65%)- and- steep | ‘headwall swales.” Inspectlon analysts avoxdance, veeetatton =

“retention and other measures to accompltsh should be employed Appropnat ‘measures to
) accompllsh this are included in PALCO’s “Interim Aquatic Strategy for Timber Harvest and

'Period.” - Sites should be identified, and measures should be prescribed by the field geoiogist,
‘based’ on site condmons (slope nradtent hlllslope posmon slope shape hvdrology”" geomorphlc
"_'feature etc) SR ol SR USRI B RN

_.:'North Fork Elk Rtver Monltormg Plan

. A vanety _of techmques are avatlable 10, ocument the phvs:cal and btolomcal cha anges wluch take:

" place in the stream system of the North Fork Elk River:* The most uiseful strategy will be one that
: documents chanees n aquanc habitat condmon and utilization;-as well as phvsncal changes in
3 channel morpholoey in the main stem Pacific Lumber Company already has monnoring stattons in .
. Elk R:ver and.the Company plans to-continue to collect data at these sites. PALCO wﬂl augment -
“the existing monitoring with several measures to document physxcal channel changes in the
~ Once monitoring stations have been permanently established, sites will be.remeasured:s "nly as

condmons ‘warrant.” 'I'hxs may be annually for the ﬁrst several years and then every't'wo'to five’
years oras storms and ﬂoods dtctate i : -

S Physmal channel momtonng wﬂl 1nclude two mam elements
 points £ Permanent photo pomt stattons w1ll be establlshed alo g the mam g
' channel to document the deposmon and scour: sedtment in'the main stem. "A’ select number of

‘photo point stations wdl be permanently estabhshed for repeated photoeraphv to document L
channel chanees S :

' secttons thl be establtshed along the length'of the"lowe rnam_stem of the North 'Fork Elk Rlver'
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. _:l1m1te
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E ;'._dtverszon guiltes gulhes from ditch reliefculverts) and road- related surface eros;on)

sediment production: process; measured m the North ‘For E e
r and _volumetncallv the most important sediment’ production .
ost-management (post- 19405) penod has'been'debris- landshdmg
)"and 'Streart:sxde (<65%) slopes. - Nearly 65% of the 204 landslides -

in the watershed ot:curred on nner gorge s[opes' : d_.jt__hey dehvered 44% of the landsllde volume e

-'-,'_:__that is esttmated ave reached streams (TabIe:-B:)__.- . Steep strearn s1de slopes (<65% steepness)' 3-

i accounted for another 16% of all landshdes Roughly 55% of sediment production: fromail
_'sources, over. a.!I photo years (combmed), originated from debrts Iandshdes (Table 9) s
e Slamﬁea.ntly, etghtv percent of the measured landslide volume delivered: to; streams smce the

'1_-_'.'_:1940'5 occurred pri 051974 :erteen-percent";tnacered bv three htstoncaI} "
= 1

j._hrstoncai sedtment budge
only.-l 1% of the number of landslides
> sediment : yteld (Table 4).: Unfortunately, there i is lirtl
sis. that large and very. large landslides occur in unique

tershed, as compared to smaiier more commeon iandshdes _
Tor that’ umquely manamnz for them would be techn_tcally feasible or: producnve They occuron .
" both streamside (50-63%) and inner gorge. (>65%) slopes, and they are ‘associated withall

: .';j_management pracnces (roads pamal cuts clear‘

d. advanced second growrh} and ages of
opes from 40% to 75% n steepness Wll‘h
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Y ."._:-{an averasze initiation aradlent of ‘oetween 30'__and 60 percent.-__ Such lepes (><O%, arevery <
. Jcommon 1n the watershed covering over 40% of the landscape of the. North Fork [ O TR

B :"_;.-and stream51de slopes :and that the largest storin (tncludmg those of the late 19905) have
o _tnggered, or been assocr 'ed_wrth, the greatest mcreases m”landshde rates m the watershed.*_

o _Watershed sedtment producnon for the penod of record has been apporttoned among ﬁve szeneral Ce
_ '.'fsedtment productton mechanisms: debris Iandshdes (55%) torrent track scour. (4%), bank. erosxon B
"-_(6%) scour of mechamcallv ﬁlled low. order stream channels (18%) and road—related erosion” -
L (17%) (Table 9). Because failed stream crossings are reconStructed alone all maintained _roads SR
POy f;{thereby conceahnz past erosion’ and sedtment dehvety, we beheve past road-re| ed-'sedtm L
i hvery from thts process may be underesttmated by as much os 50% Management el'ated

SR _averages are calculated (the shorter the penod the hxgher the rate, all else hemg equal).
e ': ' ;Relatlvely hlgh rates of sedtment deltvery measured from the 1997 photography (tngg :

-An 1mplementat10n plan has been prepared for erosron _control and erdsron preventton
. 'miles of road in the North Fork Elk River watershed. Roads have been prioriti:

_' and closure dependmg on therr locatton, current status and physxcal condmon | A database of

: and 1"" cf total basm sedument delwerv
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lance str; _e.qy hasalso ] een proposed Iti is based on mlmmlzmq N
he exfects of foresr manaeemem acnvmes on poremrallv unsrable_mner-ﬂoree slopes where debns '
 landsliding is’a common and i important sedlment pro n.process. It is b;
*-recoemuon and the aopucauon of avmdance or mod1ﬁed land management, pracnces The RV
strateey mcludes a number of measures generallv des_cnbed in'the newly developed “Interim. -

-.j_—\quanc Stratezy for Timber Harvest and | oads” and the _ssotxated procedures described in.
o "Mass! Wasung Avoidance Strategy for the nterim Period” __ppendlx B). Addmorial,-;; e
G .:soecrﬁc measures will be developed for-each’ proposed 51te based on the namre of sne condmons

o and on—the eround field. analysis of geomorphxc sensmvuy e
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L : : posed to documen_ and track physze -and blolomc
R chanees which take place in the lower main stem of the North Fork Elk River. The existing: SRR
e ‘monitoring stations will be supplemented with the establishment of a number of long term’ phvs1cai
Sl monitoring stations. thsn:ai monitoring will mvolve repeated._eround«level stereo photographlc
-_'ooeumematron of channel condmons from monumented photo- point. statrons ‘and profileand.
| Cross section survevs to determine the locati  rate of ﬁ.lture channel chanees and
Lo -'-':'sedlment ﬂushmg (or aegradanon) e ETEAN DL =
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m@m

(dmda)

I-'umre md:h

..: ':Fumr:dcpm

| mmed mry

: Cumpicx (I—LM 1,)

IS

(m -

<Excavate s@ii ay

| crtaidp

Wc‘. r:mssmg (f‘nrd or, armomd ftny (clrcle)

: '-'sniﬁg'zzﬁ)--_‘:_*= Nsinvieny

e -

——.__.. R:pur C\{P

| Replace cuivers

- CVIP d:amﬂcr (m)

”'-CMP lengih (A)

Ao 6l face (up, )

' Armcr arca (ft‘) : :c_:_[?_t_l.(l_:dl.f_ cut r_i:'rr.fh '

Di:ch lengrh o?) i

.| Outsiape road ) -

OS and Retain ditch (1) -

osm .

f":i’operoad

!S o‘f)

| Remove diteh:

[

— [omoraro

| owerumz (v

Nowt. ()

7ATION VOLUME

Volpuback in i)

Vol stockm lnd (_vdf)

..__; ol vtmiea ey

| Dist endhauled ()

3 Emv prod raie (vds’fhr)

MENT HOURS

; Exmvu.or ﬂu-g)

Dump truck (hrs)

= Gradcr (hﬂ)
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-:Stream Pruﬁic Through Crcssm :
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EJ‘L%% I:CW erosion "Oh'm‘ (1 1) ST 2 Culvmmvaan vol (ukd/r:pl -
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8 | portion of the floodplain that i is’
| likely to become part of the |

f mappmg

- |Management Zone =

| Channel Migration Zone (CMZ)
| - needs more discussion, CDFG
: _geologmt is provxdmg some

> | information All segmems of

:Class 1 and Class II streams that
have a Rosgen type C,D, orE

| channei morphology will be
examined 10 identify the bankﬁﬂl
‘| channel and the r remaining

*{ active channel durmg the 50 -

- | vears covered by the ITP as -
: icwdenced by past channel
migration and ‘other field -

= .planned for each basin on the

__owncrshlp Areas not evaluated E '3_ iy
: '1n a watershed ana]ysxs must be o R

:: E'n*:'«:pt:mse in channel m;grauon
.| before any ] THP abumng such

areas can be approved. PL will |
- | consul’ with NMFS, CDF&G, -
| USFWS, and EPAor Water -

- Quahw regardmg any such

- eq'uwalent to the >97. CFPR
-pennanent vegcmnon transmon

| zone. * Willows are not to be

consxdered perma.ncm SE
vegetatlon '

mav be“allowed based upon 2 completed Watershed Analysis and

. []oss of pro'pertv is| defined asa demonstratcd h13_h risk of loss of
cap:tol improvements (bndges roads cuiven.s houses not

: -mdlcators CMZ evaluauons 1_'5.3
oo il be conducted 85 part of. the
[ Watershed Analyses that are

' 'xs_assumed aIl other areas are G

Rxpanan Management Plan as agreed | upon (both processes) bv the
penmtmg agencies :
- N0 Sanitation salvage or. puon hanfest {mcludmg
cmergencv harvest exempuons) uniess
* loss of life '

mcludmg vegetation) T;

* or other emergencies’ as per a.greemem w;th NMFS FWS and
CDI-'&G n accordance wnh approved HCP

d ':,pesuc:des and femhzers)

R _subn'ntted for rev1ew

Rei ated

'. Funcnonflndmator
| Bank Subillty, -
| LWD pronecuon

.jOﬂ’-chs:mel
_'habtta: protecuon

1 Channel mxm'auon

jprolecuon
:mcroclunate :
o protecuon poois

elc

o '_’ Consult as used here mcludes !he followmg pnor to subn-ussmn of any 'I'HP aﬁected bv C’\.riZs PL shall mclude copies .
of the proposed THP mciudmz thc THP number, 2 map of the area proposed for harvest, sﬂv'scukmrc prescription, and a -

-~ copy of the geomorpholomst s report,. PalCo shall seek approval ‘acceptance, or notice of “no response“ from NMFS, -

- FWS, CDF&G and EPA or. Water Quahw Tfthe nouﬁed agencies have concems rezardlnﬂ the harvest proposal ihev o
- shall commmncate such concerns to the RPF and CDF vnﬂun 30 days of receipt of materials f from PL or until the close e
.- of the public comment period, w!'uehever is lonzcr Results of thc consultauon must aocompanv lhe 'I'HP when




% indicates
| prescriptions
.| that applvto B

* | the entire 0-

| 2) Limited

" |EnuyBand
[3001000 -

_ prescnpuons
“| apply to each |-
- |sidecfthe 1
..+ | watercourse -

170" width (i.e.

Band#land'
e #2)

o c%empuom) harvest (as defined in >97 CEPR=s) except for j e
: emergencics as per agrct:mcnt ‘with NMFS FWS and CDF&G m R
| accordance with the approved | HCP. - e o

1916.40)(2)

--u'ccslzcsandqu V. :
Appcndxx 14 (Aug : 25 >97) [1f rcplaccmcnt s1ze classes mu51 e

< | used to obtam :hc sta!od s1zc: dlsmbunons the replaccment sxze S

: -maxunmnlcntrypchOyears = s
= No sanitation saivage or; e\empuon (inckudmg cmergcncv

-EEZ for timber opcranons except for pcrrmﬁed eqmpmcm

crossmgs as agrccd upon by /NMES, CDF&G, and USFWS, and

1 roads,

S detcmune the pnonnes and road armoring ‘standards to be used on

. all roads inside Band #2 (hmned entry band) Surface area covered
o roads wﬂl be mc}uded in all calculanons of basal arca i

- full suspcns:on yaromg onlv concimons (not Iocauons) whcre -
| full suspension is not possible will be identified in the HCP. For - -
| these conditions, ‘yarding will ‘be conducted in a manner that
avonds zround dxsturbancc thaf may, delwer sedimentto a -
.| watercourse to the maximum extent pracucable Where ground -
| disturbance oceurs PL will treat (¢.g., through seeding, mulchmg, .
| ete)) all sites with cxposcd mineral soil that can reasonably be ..

- c‘cpected 10 dclwcr scduncnt a watcrcourse \c 2 o’ulhcs ruts)

placc o

| - no more than 40% of lh: comf basal area may be hzu'vc Ce f
| single entry. - :

- watcrshed analvsxs and/or PWA protocol wﬂl be used 0 '_ - RN

' 'I'rees damagcd in thc c&blc yardlng comdors must be retamcd in

- Bank Stabihw, s







- 3y Outcr Band

S cxcmpnons) harvcst (a.s dcﬁncd m ‘97 CFPR s) e‘(ccpt for

IR - for §igge§ <SO% gomgns of downed woog (1

| Bands falls; portions in Bands #1° & 2 must be retained onsite n

| place, but the portions in Band #3 can be removed for slopes’
| <50%.):

SRR be retamcd cxccpt as defined as slash'in the’ Z’Bcrg-Nchdlv
i For:st Practice Act Article 2,4525.7.in th

S| = full suspensxon yardmz only; conditions (not locauons) whcrc
o ﬁ;ll 'suspension is not possible will'be ldenuﬁed m thc HCP For
~ | these conditions;,’ va.rdmg will be conductcd in'a manner tha

: avmds ground dlsturbancc that may dciwcr scduncnt oa

watcrcoume to the ma.umum c\tent pracucable Where ground ol AT
T dlstm'bzmce ocours PL will treat (e. g, throunh seedlng, mulchmg,’ b S

e fctc)ali sites'with’ cxposcd mmeral smf that can reasonablv be il

e cxpccted lo dehver sedxmcnt to a watcrcourse (c g guihcs ; ruts) i E

: _ﬁlu'anon soil pnena
~{ compaction, |

18 .rmcrochmate,'-

- No samtatlon salvagc or e‘fcmpuon (mclu‘:iumr cmerﬁcncv :

be removed from Band #3 [if g tree’ ongmatmg in énv .oi the

: “al down WO d {ie! LWDI'.LOD) rnus

“97 CFPR, page 207

: 0 b ' S wmdt.hrow
- trec 51zes and quanmv r:tamed as pcr Appendm 14 in the: HCP.- - o
| (Aug 25 ‘97)"[1f‘rcplac
| the stated size distributions the rep cemcnt sxzc class IMust come
form thc ncxt mghcr class]

L Tm damaged in thc cable vardmg comdors must bc retamed m'_-:ﬁ:'.; et
L nlace . . : L




Toassa o

| Riparian -
Managcrncm
Zone '

00 lor.al wxdth

- | * measured

. :slopc dlstancc 2 -

(i = _thc 97 FPRs 1s exempt: from this "mugauon

Vi _thcse condit "ns' yardmg will bc conductcd in a manner thal
e -avolds_ground"dxsmrbmcc that may dchvcr sedunent toa

SRNE L s cmd Ban #'1 ('Restncmd Harvcsl Band) on lhc opposue
7| side of the watercourse as the existing road an cquwaicm dlstancc
Lo ofmcmadpnsm(mdth,ﬁil__ctc) S : Fi

Bmi\'st;‘aﬁi:y; o
' protecuon and_' -

_tcmpcramrc

fih_xfgl_x_on_

compaction

delcrmme the priorities : ahd rbad armormg standards to bc used on.| SRR
_' all’ emsung haul roads and stream crossmgs : e E

mland from. thc pcnnan:nt vcgcmuon tranémon zone. as dcﬁncd in}

| defined as siash m'mc Z—Bcrg-Nc}cdlv Forcst Pracuc: Act
| Amicle 2, 4525.7

: 'dlsmrbancc cours PL will trca:(c g., through seedmg, mulchmg, j :
PR _ctc ) all snes wnh c‘cposcd mmcral soil Lhm can. rcasonably be.sinai-

I ‘no forcst chcm:cal use (hcrbtmdcs nesumdes. fert:hzers‘)

{sedimem |




g 2) Selective
" |EntryBand

8 retain ALL pomons of dowﬁ
| defined a5 slash in the 7

- maxx_mum ___1_ cntry per20 years:

7 1*=No Sanitation ‘'salvage or c'«:mpnon (includin cmcrgencv el
o cxcmpnons) harvest (as defined in 597 C _ :
| emergencies as per agrccmcm with NM}'-‘S FWS and CDF&G in
| accordance with the approved HCP © e
-EEZ: for timber opcrauons except for pcrmztted cqumment il
c ssmgs as agr:cd upon by NMFS CDF& and USFWS and
B roads. : L
i -watcrshed analvs1s and./or PWA protocol Will be used to
o determine the Priorities.and road: armoring standards 1o bc uscd on |-
| all roads inside Band #? (limited entry band) Surface area cm‘cred S
¢+ |in Toads will be incliided i n all calculations of basal ‘ares. T
L= full s suspension, vardmg only; conditions {not locauons) wherc _
Lol suspension i not possible will be identified in the HCP! For.
") these conditions, vardmg will be conducted'in 2 manner Ihat ¥
. {avoids: ground disturbance that may- deliver sediment'to'a’
" | watercourse 0 the maximum extent Practicable, Where' ground
R disturbance occi
Cofeeyall sites'with expI
Y e\cpcctcd to dehver s

| retained in the écnerél vicinity
1* trees that fall namra.[!v omo aroads, |

'mmzmum 276 sq ﬁ-prc harvest: omfe b;
RManchs:de R L
| = minimum 240 sq. Ft . post harvest comfer basa_arca per acrc 01
il RMZ cach side (measured vcrO 100' Wwidl - -

s no:morc than 40% of t vasal are

ncx: hlghcr__clgss]

' Sl trcc sizes and quantzty d:smbuunn retamcd: CP.. i
L Appcndlx 14 (Aug 25 >97) [1f rcplacemcnl size classes must bc B
. used to obtain the stated s size distributions. the i' i
ChL ciass" tust comc form the 1

FPR"S) except for ..

v_va treat (e g.; Lhrough seedmg, mulching, *
osed rnineral soil that can reasonably be
dlmcm loa watercourse (e g g'ulhcs ruts)

wood (1 e, LWD/LOD) c\cept as
-Bcrg-Nejcdly Forest Practacc Act

R X trecs fclicd dunng current harveslmz and approved THP roads
; : o .

{*no fdfést"éhénndzi] use (herbicides. pesticides. fentilizers) -

ZRS) SO 'Bank Stab:luy
o |LWD .
of - protccnon and
EE rccmmncm

o sediment -
in : ﬁllrauon it
P rmcrocl:mau:

tcmpcramre

soi] . :
compacuon




SUUPRRUSIR IS IR B AL & = LWD dciwerv
e ClassI and
s s

_ .mcasurcd _ : T R 2o

slopc dxstanoe g | Rod : s S SERES
iy o -_j-g.roundbasnd qulpmcm mtthI_Z:s acccp!ablc Lf]css oER ] e e o ”"{

: rcsoumcdamagc _ ' 1 e peran .- AT EESHE R S [

cmssmgs must bc ﬂaggcd on the gmund pnor 10 pmharv::_st o
- .| inspection an_d_ shown’ c';n'the:T_HP map in ‘order 1o bc adequatelv
| evaluated for the potential to generate scduncnl :
-norcmovalofdownwaodmmcchmmcl o U DNt IAERISS S
-."’| -no removal of any portion of down wood wnthm ELZ cxccpt for IRRERS: Rt RN .
/| cmergencies as per agrecment with NMFS; I-”WS and CDF&G in | BREE © TR ST
accordanccwnﬂxtheapprovcdHCP o E ' 5] O A
[ *trecs felled during current harvcsnng and approvcd 'I'HP mads
L consmmxon arc not consxdcrcd dowu wood for pm'poscs [ :
.| retention. - ¢ : i :
co| * felled hazand tn:cs m consndcrcd down wood zmd arc to b

1 retained in'the general vicinity ;
| *trees that fall nammlly onto a roads landmgs,-harv um re
e conmdzrcd down wood and arc to bc rcnamcd n thc '
SR : B v1c1mtv et RN
Slopc 30%- |+ ELZ extending 50° from the stream edge, dr, mase o
e 50% { divide, or Tidgeline of: the: Class: 1 stream wiuchevcr is less

e |=No. ﬁm'lgmted inzone :

- Stabilize skid trails as -perthe 597 FPR—_ eT.
THP in accordancc.wnh the Class T and H'stmdard
|- ground based equipment in the ELZ is acceptable 1f less _
| resource damagc will occurbv opcfaz' the ELZ. as pcr an.

| approved THP. . : o :
| - where the abov: measure: apphcs ‘all tractor ruad watcrcourse
RE crossmgs must be flagged on the ground prior o preharvest. .
- | inspection and shovm on the THP map in ordcrm be adequatclv
. | evaluated for the potential to generate sediment o
| ~ no'removal of down wood in'the channel :
gl no removal ofany portion of down wood within EI.Z except: for AR
- | emergencies as per agreement with NMFS, FWS and CDF&Gin < |~ =
- [aceordance with the zpproved Hep: '- o

B * trees thatfall namrallv omoarﬂad_s 1andmzs hm‘vest umts arc il e L R
jconsxdercd'do wood a.nd are t be: d in | e gene Sl T o




L Slope >50% |- Bz

. |=no removal_of down wood in thc_c;hanncl

. f(_tcndmz 100 from the

watcrcourse o

: A émefgcncxcs .as pcr agrcemcnt ‘with NWS FWS and CDF&G m g
“. | accordance with the approved HCP. ' '

e trees felled during current harvcstmg and approved 'I'HP roa:Lc,

construchon are not conmdercd down wood for pm‘poscs of
retention. - g

] felled hszard trees are con51dcred down wood and arc to be g '

5 rammed in the general vxcmxty ST .
| * wees that fali narurally onto a roads landmgs harvcst units are
o conmdered dovm wood md are to bc rctamed in, lhc gcncra[

: 'WCI.II]W

. - mtthEZ 15 acccptablc iflss e S
.resourcc damage wﬂl uccu bv operalmg in lhe EEZ, as pcr an_

o Assess'mcntof
exxsr.mgroad
. | metwork and -
| sediment
| sources

'égcr !ssugce oi ge ITP:

i :3;- Compl:tc watcrshcd analysas and road m\'entorv accordmg

I}ccag; ] Elk Rwer Frcshwatcr Creek

Qccade #2: “Van Duzen, Middle Eel - .
" Decade #3: Larabcc/chuota Manolc Salmon, Bear

' - For THPs outside of prionity areas, sediment source asscssmcnts _'

must be complete on a pia.rmmz watershcd scalc

S Lawrencc 8
e Creck Yager. Creek (mcludmg Lower, NF., Mlddle SF)

: :':'- WPWA protocolg ona le% Watﬁrshcd ba51s wnhm Pnonuzcd R L
L _hydrologlc units - . s o _
-and schedule hsted below

;y " o . :

| Restoration of

sediment

| delivery sites
- |fornonH -
/| related roads . | .._ . e .
E R |- Based on 'watershed analvsxs completc rccommcnded work on | _
B h1gh and medmm risk sites, on a planmnz watcrshed basis, wuhm A
| the prioritized hydrologic units and schedule listed above. - _ '
S :Vananons from this schedule wrll be conduc:ed onlv upon _ '7 _

Prior to issuance of the [TP: - SR

|~ Based on PWA" analysis, complcle rccommended road storm

| Sediment 7 | -
.| Control |
5 prooﬁng on h1gh and mcd;um nsk sm:s on at least :>0 m:lcs pcr v o

o aDDrovaI ofthe aqencxcs A




_Storm~proonng :
oiforupgrading
0 | THPrelated

s

AH THP related roads’ and iandmgs shall comp}y with 0 EE
SPccxﬁcalmns dcscnhed m ‘Handbook: for Forcst 'an Ranch Roads_ el

R o -mcdmm nsk sucs ‘ona planmng watcrshod b: _éor"thc watcrshed _' P o
I analvsis mdlcatcs that sedtmcn is not aprobicm : : B




.| Maintenance-

. 'c.:ulvens.smced'no greater than lhc spemﬁcatiohs_hstcd ;n
G -Handbook for Fores d Ranch Rcad (We:we

: _mcrease m_!h"' usPcnded sediment leve!s or waxer that drams' Irom. e
RRRE the road surface, or w:lhm mboar

" {Monitoring
e RoadNelworK

- - A.U PL roads and-ihexr assoczated draxnaze Iacxlmes and

_' l.nspecuons w111 uixclude D 1)_'exammanon of th ‘road pnem':' cut
+/{ slopes, and ill slapes for 5 g'ns:of-er ¢
“.| mass fa:lure and surface erosion, 2) all: culverrs’ for signs of

bIDCLage or pcrchmg, %) all erosio conu_'ol_ measures to ensure
proper. condmon anci!or operauo__

Dunng the Wmmr—ﬁpnng rainy period, PL staﬁ‘ using comnanv :
. | roads will note all observed occurrences of road slippage; erosmn =i

| erosion control measures, All obse_wed occurrences will be /. __ .
uumedxatciv reported to PL 5 road anager for con'ecnve work AR

landmzs e‘{cep_t formads facnlmes an and1 !

. slippage,

or unpendmg mass fallu.re blocked culverts -and failures of ©

e Rouune correctwe work_on ms;de dxtches cuhen capac:w nnd
S outﬂow cross drains and \ _

- rocking road surfaces, rcptacmg culvens and stabilizing fill: slopes

.. | should be complexed betore the next winter rainy penod Work

o needs 1denuﬁed dunng the wet season’ will be: conduc

L as weather pemms aﬁer the '

ter. bars;: and non-rouune work such as’

e is identified

A wet road is that which the road moisture is higher than found during
abatement) treatmems EERRESt e L R

) ele: Roaduscsshail' B RS
| cease after precipitation is sufficient to ‘generate overiand- flow off [
.. | the road or eapable of Iezmng the road if. entrapped Roads use for’’ R

o haulmg shall not resume. until 48 hours wahoul any: precmuanon S

er unnl the road surface is drv“ o SRR




| Mass' Wasung
~-| Extreme, Very -
| High andngh
- |Landslide -

s Haifar‘dzon'es

(mcludmg

: Inner Gorgcs)

Erosion

s 'mcasurcs mciudmg but not limited to seeding and mulchmg
S _-watcrcomse’crosmn in RMZ=s’

trcal all sncs of c*cposcd mmeral smls caused by forestry

| activities, within RMZ-s EEZ=s and ELZ.-s _thatar:cqual to or
. |egreater than 100 sq R : : | S RS
L) = treat all sites lcssthanlOO sq ﬁafcxposedmmeral smlsm : b
“" |RMZ=s, EEZ=s, and ELZ=s that are on hillslopes greater then .~

e sediment to__lhc WateTcourse. -
_udc revegetation or other erosion oomrol

0% if ‘the s site c:
- treatments can

‘and ELZ=s shall be
ch_vcry Watcrshcd analvsxs andfor

{-no mmgauon ‘will be rcqumcd for damagc caused by thc

to be out of comphancc with their burmng pcmu:

: wolauon) by CDF

{:b bums (mcludmg brush pllmg, ﬁn: breaks, 1gmuon
1 teclnuqucs, preseriptions for cnv;ronmmml condmons
;pcmnmnsz nzmuon ee.),

S acmal ﬁrc unlm PalCoorits: agcms havc beenissued a’ i
S citation or vxolalmn for the fire by CDF : :
|-~ mitigation may be required if PalCo of us nucms arc found

S - mmganon may be required for fire mannzcmcm, mcluchmz K
S ;.::mpprcsswn and rchabxhtanon cﬁ‘ons if PaiCo orits agcms :
~.| are found in vmlauon of their burn permit (citation or '

Sedune'nt
Comml and

. slopc stabxhly

e ._Agcncv tcam in COOPCT““"“ with P alCo w1ll be

'- _devclopmg a momtormg strntcgy

e _--Implcmcm watcrshed aualvsm'ns pc'r Fcb 3, 1998




~ - | Construction of

new roads

a Roads shall be constructed as smgle-lane that allow for Lbe sa.fe '_

o passagc;and transponauon of cqutpmcnt wnh penodxc tumou:s

':'.-"Rbédé's;hh'il"bé' éoﬁs’mi&i { nmanly on siopes under SO%
= Roads shall be located outside riparian manaszemcm zoncs e

L cxccpt for RMZ crossings, which shall be minimized

| ~Roads shall be constructed by outsloping; or m:umamed wuh '

& rollmg dlpS (or d]tched roads mamtamcd bv weli-spaccd dm:h

S relief system) .

= Avoid consu'ucnon of road.s in high nsL sxtuauons (e g inner
gorge road ahgnmcnts crossing unstable terrain, ahgmne.ms

o crossing slopes greater than 50 percent, or dcgraded watershcds’) U |

N .| uniess potential roads and spccxﬁcauons are evaluated by a
S _Ccmﬁcd Engineering Geologist (CEG) and 'submitted to the

| Bgencies with the THP for review m ac!vancc of THP prc-harveét |

e 'mspccuon

i- _When culverts are proposed for Class I ﬁsh bearmz or rcstﬂrable. Lo

o | watercourses, the RPF shall be rcqu:red to dcmonstratc that the -

: .| CMP will conform to best management pracuces relate:d to culvert e

| instalation including but not limited to:

1. Culverts will be sized to provide 100 year peal\ flow passagc v

-.:j . _usmg any of the methods approvcd by Ihc Forcsl: Pracuccs Rulcs

12 e compay shall contact NMFS, USFWS, mdCDF&GL

: : d:scuss the mstalianon ‘prior to subm:ssmn of 'I'HP if it w:shes to o
“ | install the culvert using methods that are not consistent with -

-NMFS' culvcrt guidelines. (currcmly under dcvclopmcm) lu such L

: | cases, if the nouﬁed agencies have concerns regardmg such
SRR culvcrt mstallauon they shall commumcate such concems © the
L RPF andCDF ' ' s

e No road or ]andmg construcnon or rcconstrucuon durmg the o
| winter period or. any other time of thc vear durms: any of Lhc
'followmg conditions: SR

~a. During pcnods of mcasurablc ramfall :
b, Foﬂovnng any: rainfall of ¢ one-quarter inch or greatcr thcrc

o shall be a minimum of 48 hours of no mcasurable ramfall pnor o e

L _': resumption of work activities. .
| ~Landowner and his dcsmnated representatwcs shal] bc e

'- rcsnons:ble for all road construcuon and mamtenancc L

1 Watershcdcondmon 'shdu_'lc.i be evaluatcd QQQQf'd'iﬁg' fo | the _catc'gqneg"_l'is;téd_. m .-?ac':hn'jc.'ﬂ_ R_uié Addcnnum #2.

_ ﬁs dcscnbed in Handbook for Forest and Ranch Rbads R
o (Weavcr 1994) mcludmg but not limited to'the followmg




or until watershed analysis is complete)

 The “high” mass wasting potential areas will be reated the same as the =
& Inareas where the potential for mass wasting is rated a xtreme?, |
ddition to inner gorges’, headwal swales', and unstable areas’, no

ccommending altemative prescriptions that are approved by CDF. The
: 31t¢fﬂativé_-PF§_5_¢ﬁptiQnS_?Vi.ll ot 'iricr_eas'e_5t,h'e_'31isk_"bf hillslope failure in the
 geologist’s written report must accompany the THP when

- “high,” no new roads and no operation of heavy equipment off of existing SR

. roads will be allowed without a geologist’s report recommending,

: alternative prescriptions that are approved by CDF The alternative

- prescriptions will not increase the risk of hillslope failure in the area, as
-~ determined by the professional registered PalCo geologist. The geologist

s i In areas where _theﬁ._pd_te_r'itial"ffc'_)r'f:m'g'ss:i#astmg"_;s_-r__at__:t_:d as “very high”or =

¥

 written réport must accompany the ‘THP when submitted forreview.

2. The NMFS, CDF®, and EPA or Regional Water Quality Board, and shall
. be noufied of all THP that may be submitted on sreas of exeeme,very high snd
i ’_h'-ig_h"Iﬁ_dSs'_'W_as't_ing:pb:_te:n_tiz';_l_in_-’addit_ib_ﬁ 10 inner gbfges,'_h'ea'dw:a'l_i"s_'yva_les',‘fagd SRR
- unstable areas. Ifthe PalCo geologist determines that management beyond the =~
i - default prescriptions will not increase the risk of hillslope failure in the area forthe

2 Consultanon R

* Tanking of an area, a written report must be prepared discussing the determination.

- -? Inner gorgcasuscdhcrexs deﬁned asthatarca of Lhc watercourscban.k s'il_u_a'tcd_. unmedmtciyad}accnt to t.he i
. Watercourse channel, having a sideslope of 65% or greater, and extending from the edge of the channel upslope until the
- siope becomes less than 65% or for a distance of4008 (slope distance) whichever isless. . .

. * Headwall SW&lelSdﬂﬁHthcrﬂ asa t‘r_on_i@aﬁc__d_cpr:s__sipp, with convergent slopes > 65%that is_'_ddnnéétéd'to_'a S
o Wwarercourse via'a continuous linear d
: -+ continuous for this definition), = .

- harvesting and'no new roads will be allowed without a geologist’s report

" area, as determined by the pr'ﬁfé$$i:6_nal registered '-_Pa'l_Cé"géo_'l_c_jgis't."'_'.-'The:__:_ ST -
: ust 2 subr’nitted.fqz"_-;-_;: SIE SRR

. Hhe company plans o go forward with prescrptions that exceed the defauts, the

epression (a linear depression interrupted by a landslide deposic is considered



e penod of March‘ 1998 through 3 years aﬁer 1ssuance of the ITP.

'Regxonal Water Qualrty Board,- and

P [P _ consultatron shail include coples of the
S .-proposed 'I'HP 1nclud1ng the TI-IP _mimber a map of the area’ proposed for
o ___-.harvest sxlvrculture pres'chpuon, and__;_a copy. of the geologrst s report PalCo shall

o _-_:-fseek approval acceptance -or notice of Ano. response@ from the agencres If the o

_:__.:_‘_;_notxﬁc g agenczes have e cer_r__ls ;egardmg the harvest proposal they shall
o =comrnumcate such <o

These provrsrons shall replace all measures proposed :n the 7 Ianuary 1998 RS
Interagency Stretegy t_hat deal with rnmgauon of' mass wasting nsks for the “1ntenm .



o
h\

% J/:.
sy
nﬁ.. m %. f..h

AL T

Magp L. Timzer Harvesting History Map for the Nerth Fork Eik River

727 Watershed, Humbalit County, Califorais,

s _..m_.T.”...EE_E@,.n_..S 1954
TR 5 66~ .>.a.=__weu§_.§=§”_m==ﬁ:.2. .
P T4 .EE._E.E!.EESR_... _oamm!_n _.o.:” s v _3/@.

7B Amstarvesed beveon 197 and 1957

RSN L .z.Ei:eruri.z:i_S.

RN 97 Erugnﬁ:_ﬂni!.n.%v_ﬁo.vna.i.
>mm ?E«.ﬁ..rn..uan.snwnun.&m._n;... : E

F2 X ...‘. N T

Sl Miles

o o . ru..?nan.

s~ 1.0 Miles -




U " Watershed, Humhboldt Connty, Catidhenin

ot | Rouds consiucted boiwen (974 and 1997

Map 1. Road Construction Histery Map for the Nerth

Fork Etk River

m— Roads consirucied by 1954

R L S Lo IRt et m.aun:oam_:_nu.nun_inﬁ._E_.-E.:omo

UL e Roads censirected betwes 1968 and 1974

o

S 1sin

o.s.n.m ~ 1.0 Miles -

\

Py

Errrriis)




[V

N ; FE—.
. e KL
- ..
N S o
» e
.k ».!P * £
... =l e

. ; L Z-_u a —._.u:oa -:unrsuw:uﬂ. _u.-.!._“ ._.a_...:: ..?-n__ﬁ-
CoU0 T the NorthTerk Erx.xnni-—aﬂwnn.::ag_n.ﬁnznﬂ.n.m.-_._.__
SRRK ..._nnunq-".ul_ mnn_...ﬁr Geelogy. - : AR

E_ m.._:.na_ UAppraded™ m.i-ﬂ n_.-aun_- 5:.:. C
1Y v< -._..-.u Year, .._!_n.!.__- the .

}\j,a =/ Dﬁ

o Ua!._.&._&n-sgwr&_asnﬁ&!n&nna? _er-nisni_s

L _..u.»s.rlﬁns... .&5&«.&-&&8?:& .n_._‘__nnn.za -

D&QEL&E!—EE&;’»& !n_usca.?._ﬂi kerial 1._!-!%?-...

. Unc_... ra&__ n-tzv-l:-.n.su_ut !n.nsa:.vp—vuu arii) vwb.u!-v__- .
: . Debris Eaﬂga—..-&.aﬁaw_nt prescnt oa the 1954 necul zi-ﬂ-!: .
L | ..U&:-_....E_nn55»&5&:3&2«5‘3.{33-!&%333_.. .

m:-!sn_i!.a_ .8«_8-.&_:“_. ltn..nﬁl ety Lgrreats Ge Baiutnsn..._ﬁ 112 Eem :

— mgggniﬂv!isara.oan_::ﬂSei_n_ﬁi_._ﬁ_._ét_sq-—u..a N

Lo 20

T 15 inches~ 1.0 Miles

g .. o Br-ﬂ O_Eﬁsu._e w_en..pz_.nn:.pnn wnvou._u
; : Qf k .O,Eogxuorn__mﬂa»:g . .
e OTwa ..G__-_._...._..-_J_....‘.:.._n..,q Wildcat mnn:w e.:&n.n.na.e.n&

lmnv\ .qnas.?mn.mog ion, " :
KT{s: ..”n.nunna._m.hnn—ﬂ_n Cepmal Belt m.gn.unua Mead Nanru. :

mnn..nnr nnn_-B. —.ﬂnnan Q..nl uunnnc. w n_nn—. mocks) -

T e,

o —

oty




" Mapd, Lacasan Mepof ol Ract-Rebried Slios within the Herth Fork £ -
+ " Rivar Wsaraised which have Dubvered sadiet are ibely to Deiver Sedlasat -




T
Ty
R
™

\me._a.a

: .:...u ..!..l :._..E.u.a _.a.-..._:... for Ermiva Conirl -
&y Trratmowt I acy, withia l-z-::.:-.us. ;
: Rivar Watcnhed, Ham) a..n_-za.z-. L : e

. I&:ﬁiﬁfuo!lgiv;.l:ntw-l )

cenl A .rnsiiasn«uuuiniitn!sizi!ﬂ:lu ..




